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*2 years and older " Primary endpoint result : A TOF rato of 0.9 or higher was attained in a median time of lessthan 2 min with a sugammadex dose of 2.0 mgkg in al age groups. infants(0.6), hidren(1.2), adolescents(1.1), aduls(1.2)
Study design a. The aim of this multicenter, andomized, parallkroup, dose-finding, saety-assessor binded sty was to expore the dose-response relatonship of sugammadex give at reappearance of the second twitch () of the TOF smulation for the reversal of rocuronium-induced neuromuscular blockade i infants, chiren, adolescents, and adls between May 2005 and May 2006. A total of 94 ptients iere
randomized to receive sugammadex or placebo, of which 91 patients (8 infant, 24 children, 31 adolescents, and 28 acut) received the stuy meclcation (alsubjects treated group). Anesthetized patients (American Society of Anesthesiologst class 1-2) received 0.6 mgkg ocuronium and were randomized to eceive sugammadex (05, 1.0, 2.0, or 4.0 mgkg) or placebo at reappearance of T. Neuromuscular monitoring was
performed using acceeromyography. Primary endpoint was time from sugammadedplacebo administation to ecovery of the trin-offour atio 10 09
References : 1. BRIDION” Prescribing Informeation, MFDS. 2. Plaud B, et af. Reversal of rocuroniuminduced neuromuscular blockade with sugammadex in pediatric and adult surgical patients. Anesthesiology. 2009 Feb;110{2):284-94.
Bridion*(Sugammadex) 100 mg Selected Safety Information
indications and Usage] Reversal of neuromuscular bockade induced by rocuronium or vecuronium in aduls and peciatric patients aged »2 years old undergoing surgery. [Dosage and Administration] Adult Patients: Routine reversal: A dose of 4 kg Bridion s recommended as IV inecton f recovery hs reached at last 1-2 posttetznic counts(PTC) folowing rocuronium or vecurorium induced blockade. A dose of 2
Bridion i recommended as IV inecton, i spontaneous recovery has occutredt up o at eastthe reappearance of T, folowing rocuronium or vecuronium nduced blockade. Immediate Reversal of Rocuronium-induced Blockade: A dose of 16 mokg Bridion s recommended if there i acinical need toreversl neuromuscuar blockade soon(approsimately 3 minutes) after adminstaton of ocuronium as IV injection. The
sty and effcacy with the use of Bricion for immediate reversal fllowing vecuronium induced blockade has not been establshed. Renal Impairment: No dosage adjustment is necessary for patiens with mild or moderate renal mpaimment(creatinine clearance 30 mUfnin and <80 mLimin). Brcion i not recommended for use in patents with severe renal impaitment(cratinine clarance <30 mUimin) or dialyss Elderly
Patients: Ederly patients tend to delay ecovery from neuromuscular blockade, but dose adjustment i not necessary. Obese Patients: Th dose of this drug in abese paients should be based on actual weight(ABW). Hepatic Impairment: No doszqge adjustment i necessay for patients with i znd moderate hepaticimpairment.Since no cincal stucies have been conducted with patints with hepatic impairment, caution
shouid be taken in patiens with sever hepatic impairment or hepatic impaiment with coagulation disorders. Pedlatic Patients (22 years old): Bridon 100 mg/nl may be dited to.a concentration of 10 gL to increasethe accuracy of dosing inthe peciatic populaton. Routine Reversal: A dose of 4 kg Bridion s recommended if spontaneous ecovery of the titch response hesreached 1 to 2 post-tetanic countsPTC)
folowing rocuronium- or vecuronium-induced neuromuscular blockade. A dose of 2 mgkg Bridion s recommended if spontaneous recovery hasreached the reappearance of the second twitchiT) in esponse to TOF simulation ollowing rocurorium- or vecurorium-induced neuromuscular blockade. Immediate Reversal Inmediae reversal n pediatic patints has not been studied. Preparation of dilton for pediaic use: To
prepare the requitd dose, asepticallytranfer al the contents of the 2 mL ial of Bridon 2 mL single-dosevials containing 200 mg Bridon(100 mginL) to a bottleor intavenous bag) containing 18 mL. of 0.9% sodium chlorde injecton, o achieve a fial concentration of 10 mg/m. Bricion [Warnings and Precautions] Contraindications: Patiens with knovn hypersensiviy to Bridion or any of its components. Careful
Administration: 1) Patints vith renal mpairment 2) Patiens with hepatic impairment 3) Patiens with decrease of cardac output 4) Patients with edema tate 5 Patents with a history of allrgc eaction ) Patents with  history of pumonary complcations(Possible occurtence of bronchospasm) 7) Patints vith coagulation csorders 8)Patents with arthythmia 9) The ederly 10) Pregnant or women who may be pregnant.
Adverse Reactions: 1) The safety of Bricion has been evaluated based on an integrated saety database of approximately 1,700 surgical patients and 120 healthy acult volunteers. The most commonly eported acverse reaction in patients who experienced surgery were anaesthetic complication. Immune System: 1) Hypersensitvity2111,000, <1100}, th others: Anzesthetic complicationsbody movement i the middie of
anesthesia or operatio, coughing, grimacing and sucking of the tracheal tube(>1/100, <1/10), unintended intraoperative awareness(>11,000, <1/100). 2)In cincal tias vith suica patients, ypersenstiity ncluding anaphylaxi has been reported infrequentl. The frequency of occurtence of hypersensitity reacions in post-marketing surveys i unknown. Hypersensidty reactons that occuried vried from isoated skin
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volunteers, csgeusa, nausea and flushing were reported and showwed a dose response relationhip. 4)In a few patients eceiing Bridion, unintended intraoperatve awareness was reporte. It cannot be determined whether ths event was causaly relted to Bridion. 5) Cases of mrked bracycardia, bradycardia with carcc arest, venticlar fbilation and ventriculr tachycardia have been observed within minutes after
admiistraton of Bridon. Patients shouid be closely monitored for hemodynarmic changes during and ater revesalof neuromuscular blockade. I cardac dsorders should oceur, appropriate reatment should be insttuted. €) I one dedicated lnical il and in post-marketng data, i patients with  history of pulmonary complgcations, bronchospas was reported as a possby related adverse event. 7) Post-marketing cinicaltials
of obese patientsBMI 240 ki) showed that the adverse reactin profile was generally imiar between patents who were admiistered actual body welght(ABW) and patients who were administered deal body wewghmBW) sx One tilof 331 patients who were assssed as ASA Class 3(Patients with severe systeric isease)or 4(Patients with severe ystenic ciease that s a constant threat to e} investigated the incdence of
eatment-emergent arhythrmias(sinus bracycardia, sinus tachycardia, or other cardiac arthythmias) after admiistaton of Bricon. The incidence o teatment-emergent snus bracycardiain patients eceiving Bridon(2 mgy kg, or 16 mgkg) was generalysinir to those " pauems teceiing neostigmine{S0ugkg up to 5 mg maimum dose) + glycopyrroate(10 ugkg up to 1 mg maximum dose). Incidence of treatment-
emergent sinus bradycardia was statisticall significanty lowet in Bricion reatment group(2 mg'kg) compared to neostgrmine treatment groupp=0.026) Incidence of treatment-emergent sinus tachycardia wes sttistcall ygnmcanﬂv lower in Bridon teatment group(2 m ) compared to neostigmine treatment groupp=0.007, 0.036). ) During post-marketing suvellance perod of 6 years in 718 subjects fo re-
examinaton, AEs were reported i 26,60%(191/718 subjects, 281 events) regardess of causal relationship. Among those, serious AE was hypertensive s, purius, purpura urticaa, uinay retention, atial fbiltion, etc. and there was o serous AE that cannot rle out ve\auons ip to Bridon.General Cautions: 1) Ventlatory supportis mandatary fo patients untiadequate spontaneovs respiraton i restored following
reversalof neuromuscular blockade. 2) I order to prevent recutrence of neuromuscular blockade, the recommended doses for routine should be used. 3) When crugs which potentiate neuromuscular blockade are used in the post-operative phase, specal attention should be pad to the possiiity of recurence of neuromuscular blockade. 4) Recurrence of neuromuscular blockade may occur due to displacement of rocuronium or
vecurorium from Bricion by other drugsie, Toremifene,fusidic ad). 5) When neuromuscular blockade was reversed intentional inthe middeof anaesthesiain dricl s, signs o ight anaesthsia were noted occasinalovement, cougfing, grimadig and sucking of the tracheal ubel. ) n patent for whom intubation s expected t bedifiut,the method ofanway maintenance shoud be consdere beforehand.If
rocuroniuminduced neuromuscular blockade cannot or does ot allow airway intubation, tshould be promptiyretored from neuromuscuar blockade. 7) Coagulaton parametersshould b carefull monitoed in patents with known coagulopathies when Bridion is adiinistered. 8 In ptients with severe renal falue{ceatinine clearance <30 mLimi), the excretion of Bridon or the Bricion-rocuronium comple wes delyed;
howene, in thse patiens there were o signs of re-occurtence of neuromuscular blockade. This drug i not recommended fo use in patents with sevee renal impainent. 9) Dedicated studies i patints with hepatic impaitnent have ot been conducted. Patients with severe hepatic impaiment o hepatc impairment with coagultion isorders should b cautious when administeing this crug. 10) Briion has not been studied
for eversal folowing rocurorium or vecuronium administation in the ICU. 11) Do not use Bridio to everse neuromuscular blockade induced by nonsteoidal neuromuscular blocking agents such as succinyicholine or benzyisoguinolnim compounds, steroidal neuromuscular blocking agents, pancuroriu other than rocuroniu or vecuronium, 12) Conditons assocated with prolonged ciculation time such as cardiovescular
disease, od age or edera stateie. severe hepatic impaimnent) may be assodated with longer recovery times. 13) The patiens shouid be carefull obsenvd for the possibiy of drug hypersensitvity reactions(incuding anaphyactic eactions). If any abnormaity i observed, appropriate measures should be taken immediately. 14) Each 1 mL soluion contains 9.7 mg sodium. If ore than 2.4 m{contain approximately 23 mg
sodium) soution needs to be administered, this should be taken into consideration by ptients on a controlled socium dit. 15) I rae instances, ases of marked bradycrdia, some of which have retited in cardiac st have been observed within minutes ater the adinistraton of riion for eversalof euromuscular biockade Drug Interactions : 1) Toerifene: For toremifene, which has a elativel high bindng affnityfor
Bridion and for which reatvely high plasma concentratons might be present, some displacemnent of vecuronium of focuronium from the complex with tis drug could occur. 2)Fusidic acid: V adminstaton of fusidic acid n th pre-operative phase may give some delay inthe recovery of the TT, rato to 0.9, o recurtene of neuromuscuar blockade s expected n the post-operatve phase, since the infusion rate of fusiic aid s
over aperiod ofseveral hours and the blood level are cumulativ over 2-3 days. 3) Hormonal contraceptivs: The interaction between 4 kg Bridion and a progestogen was predicted to lead to.2decrease n progestogen exposure(34% of ALIC). Pregnancy & Lactation Adrinistration: There are no crical ial data for exposure to this chug uring pregnancy. s adminstred oy if the benefts of admiistraton exceed the
k. No data are avaiable regarding the presence of Bricon in human il,the ffect of Bridion on the breast fed infant, orthe effects of Bidion on mlk production. Breastfeeding is ot recommended during the administation of this crug, Pediatric Administation: I cinical sty or pediatic patents 2 to <17 years of age, the safety profie of Bridion4 mgfing maximum dose) s generally consistentwith that observed in

adults, Saety and effeciveness n ptiens younger than 2 years o age have not been estabished. Elderly Administration: Exercise caion when administering Bricon to elderly patients who tend fo delay recovey from neuromuscular blockade (Revsed: 2021.10.14)
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Pediatric perioperative fluid
management

<7] +4 &2

Hyungmook Lee', Jin Tae Kim*

o} 5

Department of Anesthesiology and Pain Medicine, 'Seoul St. Mary’s Hospital, College of
Medicine, The Catholic University of Korea, “Seoul National University Hospital, Seoul
National University College of Medicine, Seoul, Korea

Aol F47] 4] Felo] BAL 227] 5 AU G 84, WA & 2
A BB §AT] Aol DEHOZ EEgol EetE Ag9] §olo] LololH A1
ol A, 220) dpo] 2w S48 Fhd0] 47 AUESES 2 A4 4
59 919E PRt 402 nolAnt 544 #9 A40L 347 S0 Blo] o T
geldos AR 4L ekl Ao S EF, A% 79 590 1%-2.5%9)
EEGS 37158 dolol] A¥T @ B A 5, ARAL, UGS PP d £
2ol & 4 ik, B4 AL FFSHA Sk WSAoIA FA) AIEE TR & Holor Bk, 3
2 FjOlSEIIAE $9) 4 FA9 7108 1402 SU A Auska gk A4
Ao} % @ A4 ohje} Poli: SE Belo] 3] FEHE A ARE 54 F 49
el A WA JSIoPE e S5 S0l 544 39 Selel £Y 4 gl
A8 54 F 34 ATEREEE A5 90 LT S Gick Q0T Lol B £
7] 9 BelE AT AT B FA5 o il AT Fot Basie 534
39 FOS AEH T B O BAS T 1 el ot Bkl A QSN §
ojgt Alglo 2 et

Keywords: Anesthesia; Child; Fluid therapy; Infant; Intravenous infusion; Isotonic solu-
tions; Perioperative medicine.
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Intention-to-treat versus as-treated
versus per-protocol approaches to
analysis

Intention-to-treat (ITT), as treated (AT) ¥ per
protocol (PP) ¥4 8 v|w

EunJin Ahn, Hyun Kang

Department of Anesthesiology and Pain Medicine, Chung-Ang University College of Medicine,
Seoul, Korea

FZ9] t 2 Al¥(randomized controlled trial, RCT)2 73 AAE 95t 73 44t 9+
AlolH, FA BIE 7] A 7P AHAQl Ho R 4#A o RCTE 4R
oVH<) Aol et Sl FYTIA, BUANA A4 A7 G T F7
% wL 24 FHIN A%, 24 DR B9 1 % HIRT0] AT ANL T 24
(compliance) T4= 0] & (adherence)stA] = AF} 22 o421 A} o2 ool EAE0]
SHPEIT}. RCT Hlo]e] 248 5171 Ao, Tl BAE 77 A2HS (group-defining strate-
gies); Intention-to-treat (ITT), as treated (AT), & per protocol (PP) B4 HZHo] ZAgitt.
ITTE W3S izo] BAoleh s st ITT ARe|AE A2 A 24 © o]y, AT
of o} Aiglol, 27 7 %] ek BE Frlel BAS ARt o F2HL AT
AN AFE 5 AAY T2 e ThFet AdgollA, BAARA BT FARE dd BES
sk A2 540 ek PRI A7 3 7]E(inclusion criteria)oll 2 gFste, A+
Aol wehA FAE T2, F8 A M (primary outcome variable)7t 578 € H7HARE
S Ao g B At dutdog 11T 9&L 2D (superiority) T Bl 554 (in-
equality) A @0l AS == 9, PP HEH L 557 (equivalence) T+ H|E 5/ (non-inferiori-
) A8l AT TE T 71 A S o183 B4j0] BE Agslolof o, % 7}
A wrol weh BAHE w 11 Aol {oJu|gh Zo]7t Qli=A Hlawstoiof gt} A=, ITT
@ pp % 129 BE Ageks o] A7 K] doiol o ST ol AFL 4 o,
A A3k9] Alg)dE WA b =3o] "t

Keywords: Data analysis; Intention to treat analysis; Intervention study; Randomized con-
trolled trial; Statistics; Treatment outcome.
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Predicting optimal endotracheal tube
size and depth in pediatric patients
using demographic data and machine
learning techniques

AF-SA S HlolE e} 714 sk 7| S o83t &0f
EEREVESEEEVPROEE

Hyeonsik Kim', Hyun-Kyu Yoon', Hyeonhoon Lee'?,
3
Chul-Woo Jung', Hyung-Chul Lee'
'Department of Anesthesiology and Pain Medicine, Seoul National University College of
Medicine, Seoul National University Hospital, *Biomedical Research Institute, Seoul National

University Hospital, *Department of Data Science Research, Innovative Medical Technology
Research Institute, Seoul National University Hospital, Seoul, Korea

W7 HAE 2719 2ol 711 1B FEETTE AHgsha 2o} Bo] Atk @

yul ‘_-\—q_. H o
32 Haskste o mgol B 4 ek et 49 ETT 2718 Adsb] 918 129 A
% 75 gAe Pk Basgich & ATIAE ATEALA Yol Agste] 4

o} 2210l ETTY| & 719 Zlol& d&ot= 714 g5 RS 7Ndsto] 4 385 71
SHA| gk

u: 7)oy Aleko 2 AAInEEE & 124] uluke] 84} 37,05789 HlolHE Sggog B
Agict, 2 CAE BAH 37 ER|(GBRT) Zdo] 7= o] A5l AF 7|dt 5413} H]
IE .

A3} GBRT 2E2 7]'do] ¢l ETTS &= ETTY Z7I(W7A IDDE IS5t Hl 3ol
0.502 (95% CI [0.486, 0.568])2} 0.669 (95% CI [0.640, 0.694])9] 7F &2 w322 F4t F1
H4E 10 0.163 (95% CI [0.140, 0.196], P < 0.001)7} 0.392 (95% CI [0.378, 0.406], P <
0.001)F A& A% 7|9k 3415 571t ETTY ZOolETT oA d& 147449 A=)
£ &% o, GBRT 22 7|do] gl ETTS U&= ETTANA 242 1.18 em (95% CI [1.16,
1.20], P < 0.001)€} 1.34 cm (95% CI [1.31, 1.38], P < 0.001)2] 2X5 Ho] A7 7|4t 4]
2] 0.71 ecm (95% CI [0.69, 0.72])2} 0.72 cm (95% CI [0.70, 0.74])°]] ¥]3f W2 H4 2l
HMAEYE B3t

ZE: AF5A T glolE gk 0|83t GBRT &2 ETT 719 Zol& AEsHA &5
o} &3 o3t At ASHTHY, B ndL Lol 3o A 2ZH9] ETT 7]}k Zol&
Eole o =20] 8 4 Sl

Keywords: Airway management; Demography; General anesthesia; Intratracheal intuba-
tion; Machine learning; Pediatrics.
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Association between inflammation-
based prognostic markers and

mortality of non-cardiac surgery
9% 7]ut A EAR o] 2rtA) Bl 44
g A

Ah Ran Oh', Jungchan Park’, Jong-Hwan Lee',
Kwangmo Yang’, Joonghyun Ahn’, Seung-Hwa Lee",
Sangmin Maria Lee'

'Department of Anesthesiology and Pain Medicine, Samsung Medical Center, Sungkyunkwan
University School of Medicine, Seoul, *Center for Health Promotion, Samsung Medical
Center, Sungkyunkwan University School of Medicine, Seoul, *Statistics and Data Center,
Research Institute for Future Medicine, Samsung Medical Center, Seoul, *Wiltse Memorial
Hospital, Suwon, Korea

7 45 2 I 716t vo] upA et v o F o AT ABAYS Bk
HJ“* 20119 1956 20199 6€714] C-7-5 SA(CRP), 771 2 &d @Y #(CBOE
A 671 oluje] E4sto] v &S T F 102,052 9 FAE IO E, CRP W
%}%ﬂ—ﬂd H&(CAR), £F7 !l FZF HE(NLR), 4% o F=F 85 &PLR) € 38 2
YA & AFmGP)et & 27| ATS FrlskAH. 4171 A5 EHROC) 4
= AHgste] A9 7|1EghE 95k, o] Foll wheE B4 E =2 15 W2 AEeE Y
ol 19 AFgES vl st
A3} AH FANA 19 AGEL 4.2%ATH ROC 40 w2 CAR, NLR, PLR @ mGPS
9] 7% 77+ 0.796, 0.743, 0.670 ' 0.708 T4l ot 9] FFo] yepyitt. 4H AAZol ot
21 =2 CAR, NLR, PLR @ mGPSE 14 APSE Z71e} AR ATH1.7% vs. 11.7%, A
H]& [HRI: 2.38, 95% CI [2.05, 2.76], P < 0.001, CAR®| 7% 2.2% vs. 10.3%, HR: 1.81,
95% CI [1.62, 2.03], P < 0.001, NLR] ¢ 2.6% vs. 10.5%, HR: 1.86, 95% CI [1.73, 2.01],
P < PLRE] 7% 0.001, 1831 2.3% vs. 16.3%, HR: 2.37, 95% CI [2.07, 2.72], P < 0.001).
ZE: & H CAR, NRL, PLR, mGPSE & § AMTET AFS Bt o] 3= w4l
& e T AGE A5 =20l 2 5 3

Keywords: Biomarkers; General surgery; Inflammation; Mortality; Nutritional status; Pa-

tient outcome assessment.
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Does intravenous patient-controlled
analgesia or continuous block prevent
rebound pain following infraclavicular
brachial plexus block after distal
radius fracture fixation? A prospective
randomized controlled trial

o B-28 AFA EE A% AHNAF AL
A9 82 T4 $58 A% A2 HLNAE A 3
MR WSS oI 4 Tl A T

=z Ald

Jong-hyuk Lee"’, Ha-jung Kim"', Jae Kwang Kim’,
Sungjoo Cheon’, Young Ho Shin®

Departments of ' Anesthesiology and Pain Medicine, *Orthopedic Surgery, Asan Medical
Center, University of Ulsan College of Medicine, Seoul, Korea

i B A9 5AL upeby 2EA 7Ivt A9y #2-24 25 A (intravenous pa-
tient-controlled analgesia, IV PCA) E+= A4 424174 ZF AF(brachial plexus block, BPB)
o] ZiAF Adstol A AlE A9 85 24 & F TS e 2k 9
I} & uReby AEA AREFel v A& & HEshe Aot
U A 49 8F 240 tofl 4S5 S5 o8t eF ARE AIFT F<
& 66742 TAS T =5 FEAIEF Ae AlF T2 A=A (BPB only group) (n =
22), & =5t A2AAEE A F 1V PCAE 7H ,_ZF:L(IV PCA group) (n = 22), &
HEoh FEAEE A F A& HEct FLANBF A2 AW T2 Q’r?‘HL(contmuous
block group) (n = 22)2.2 F&9] vjgstoict. B350l thet A2 opd 21 AAA(VAS)H
ol-g= 11%11]«1 FS 5% T4, 6,9, 12, 24, 48A17F, 18T 23A 71 =819}
A3k & T 9AZOA B35 VAS A= BPB only group (median: 2; Q1, Q3 [1, 3])°ll4
IV PCA group (0 [0, 1.8], P = 0.006) ¥ continuous block group (0 [0, 0.5], P = 0.009)X.t}
FosHA EQITh & & 12471914 5% VAS A4E BPB only group (0.5 [0, 3], P =
0.004) .t} continuous block group (3 [3, 4D°lA F-9JstA =3t & viebd 2 EA &
2 IV PCA group (350.3 [282.1, 461.3])°14] BPB only group (37.5 [22.5, 75], P < 0.001) &
continuous block group (30 [15, 75], P < 0.001)°1A] F-9lu|stA =3ttt I8 F ik
15 A &H)%2 BPB only group} continuous block group (P = 0.595)°14] F-<JstA th2
A] ket
ZE: A& &t AR Ado] & &St A E Aol vls) F nhebd AEA
9] AH|FS FAAF 'S F, o] Wi A9 8F T Uid & F oA E 124
oA &l st FSAIB S A & T sk W e 285k d aolr

el

R
rr

f
;ol'
X,
PN

=

Keywords: Brachial plexus blockade; Breakthrough pain; Catheters; Distal radius fracture;
Patient-controlled analgesia; Regional anesthesia.



https://doi.org/10.4097/kja.23076
https://orcid.org/0000-0002-9388-9720


Korean Journal of Anesthesiology

Clinical Research Article

Korean J Anesthesiol 2023;76(6):567-574
https://doi.org/10.4097/kja.23082
pISSN 2005-6419 ® elSSN 2005-7563

Received: February 3, 2023

Revised: April 21,2023 (1st); May 9, 2023
(2nd)

Accepted: May 9, 2023

Corresponding author:

Mitsuru Ida, M.D., Ph.D.

Department of Anesthesiology, Nara Medical
University, Kashihara, Shijo 840, Nara 634-
8522, Japan

Tel: +81-744-29-8902

Fax: +81-744-23-9741

Email: nwnh0131@naramed-u.ac.jp

ORCID: https://orcid.org/0000-0001-5285-257X

© The Korean Society of Anesthesiologists, 2023

© This is an open-access article distributed under
the terms of the Creative Commons Attribution
Non-Commercial License (http://creativecommons.
orgflicenses/by-nc/4.0/) which permits unrestricted
non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is
properly cited.

Quality of recovery in hospital and
disability-free survival at three months
after major abdominal surgery

28 5 5 oy] BU 92 Amst 44 T 3709
3% HEoho] ARA

Yuki Kinugasal, Mitsuru Ida', Shohei Nakatani'?,
Kayo Uyama', Masahiko Kawaguchi'

Department of Anesthesiology, 'Nara Medical University, Kashihara, *Akashi Medical Center,
Akashi, Japan

H]7: Quality of Recovery-15 (QoR-15) ¥ 12-item World Health Organization Disability
Assessment Schedule 2.0 scales2 & & 32} H11E 7|90 2 sh= Ay} Hrolth, A3
2 5 T 7] Y W 5 HY F Fof7t ¢l= AE(disability-free survival, DFS) A
0]9] AW E Brlol= AS BRE P
W A B ATE PP, 654 o] AE F BEX £as v o 87260
e 52 $& F(POD) 2¥IH QoR-15 A4 < 90°.2 Hod & F 38 BaFy) 3
7I€ ¥ DFS Atol9] ddS F7I3th. POD 29] 3|8 &3 DFS 75739 &4 (odds
ratiof= 8 8RI(Ho], & A 5|, & A DFS, & 717 & T Y £APH 5 2
3 3 o5 22 39 RS ARESto] AlLtE Sl
A3} & 230789 A7 3Lzt 4 #ES SRS POD 2004 A9 27.3%
(63/230)7} 3 E- EFo|3ith. POD 2004 3]&0] Fagt A= = F 371 DFSS ¥1=7}
79.6%Z POD 238]5-0] £33t 3212] DFS HI=(65.1%)Ech WYTHP = 0.026). POD 20114
91 3% B33 3719 ¥ DFS 7FsA 9 274 S84 0.481 (95% CI [0.233, 0.994])°1 3ict.
£: POD 2014 3E0] £X13 A= B £ 371E & DFSY &0 ¥olrh ojzet 2
J—’r":-rﬂ%—r—rﬁ—r-r-ﬂc’“ BN FANE LT FAEE ERS &

Keywords: Aged; General surgery; Neoplasms; Operative surgical procedures; Patient out-
come assessment; Postoperative complications.
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Comparison of the pericapsular nerve
group block with the intra-articular
and quadratus lumborum blocks in
primary total hip arthroplasty: a
randomized controlled trial

19 AN 0N WA Z(PENG) A,
A7 A, 123 Az Aee] Ha: 2k
CEL

Tayfun Et, Muhammet Korkusuz

Department of Anesthesiology and Intensive Care Medicine, Karamanoglu Mehmetbey
University Faculty of Medicine, Karaman, Turkey

Hj7: 238 AR ¥&(total hip arthroplasty, THA)OIA] o991 417 w (pericapsular nerve
group, PENG) e, o] g|Akd pek(quadratus lumborum block, QLB), 121 #HE73W
(intra-articular, 1A) A0FA] $£Y& AH4Ql 2E G745 AFctar g4 et o] F
29| A= PENG Ad, A2 g, AW A4vA 99 18 83 25 &
3, 359 A& v uste AL FHE oItk

v 2% uhFslo] §& 13 AXTES w2 897 9] X7} PENG (n = 30), QLB (n =
30), 1A (n = 29) 150 R =t £ A= £4 T A 4847 5 559 &+
A58 7H4 = (numerical rating scale, NRS) 53t} 0|24 Aibe & F utelyd 2EA &
H], WEAREZ T ALY 28, 3159 H(quality of Recovery-40, QoR-40)°] 2t

A3k & F 33X 2 6A1710] o]Fol FA(ZFZ o] =) NRS 4= PENG % QLB 1
oA 1A 2FHTE 395k ROIThHP = 0.002 L P < 0.001). 3 HA ulekyg 25A 83 Al
7+ PENG % QLB ZFOIA 1A 2FXRTH AUCHP = 0.009 & P = 0.016). & F 3471
HEAFEZY 28 BE 9lo] PENG 1§°] QLB I1FXTh ¢ U a3ts BJI(P =
0.007), °1%F 7Fs A7kl AIAE o HQTHP = 0.003). QoR-40 ol JlojA&= o3t
o7} T E|R] okt

ZE: PENG ¥ QLB 152 fAIE X% 835 B on, =& F 6A7H] 1A 1FHT o
BIARI AF-S AFAT ZE 1F0A & F 359 42 /A

Keywords: Anesthesia; Arthroplasty; Lower extremity; Nerve block; Pain management;
Postoperative pain.
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Effects of dexmedetomidine on
pulmonary function in patients
receiving one-lung ventilation: a meta-
analysis of randomized controlled trial

Q23] 8712 W BN G2 BN o]
7150 u] X oJ5F 229 )2 A3 9] el

Lin Yang', Yongheng Cai’, Lin Dan, He Huang, Bing Chen
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70.78]), 60E-(MD: 60.86, 95% CI [35.81, 85.92]), 90¥(MD: 55, 95% CI [34.89, 75.11]) &,
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7] A2 908 9] ¥ -8 =F FIAIFHTHMD: 3.62, 95% CI [1.7, 5.53]). T3, @l2m]d]
Ende $4 5 P Z(odds ratio: 0.44, 95% CI [0.24, 0.82])3 A€ 71ZF (MD: -0.99,
95% CI [-1.25, —0.73]), tumor necrosis factor-a, interleukin (IL)-6, IL-8, malondialdehyde
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Postoperative complications; Respiratory mechanics.
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Comparison of different nonsteroidal
anti-inflammatory drugs for cesarean
section: a systematic review and
network meta-analysis
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A AFENES F5E ol 55T #o] Yo AHRo|EA AHA (nonsteroidal
anti-inflammatory drugs, NSAIDs)7} @8F 0 & AMHE ) T2yt 22 9] NSAID:= #&A]
A okt o] HEA WeRtA U A HEoNE txZa} 78 NSAIDs7} A8, 54
4, 3159 4 A7 WA= FIFE ¥ @tk
44 CDSR, CINAHL, CRCT, Embase, LILACS, PubMed, Web of ScienceollA] @4t o}
£ 59 uhHskel A+t B SF AYEAN FEolM 5 NSAIDE H=2d B &
NSAIDQI- HwShe 72 di2 AldS AT YEAS E23 21 HolEE 55
A9 A& Brsbr] HO]'°1 GRADE £41& A&t
Ak L2l 47719 AES EAF). 1,228 9] Ak} 187]9] AHONA 13} AFQI 244]7F
o & Hu nay 57t ’\H]% ZAFS A3}, 242 diclofenac, indomethacin, ketorolac,
tenoxicam (HZet A%, F8E] W 9 WO R Q5| ZASFEo] Wi¢ FHHETE E53
202 YRt Indomethacine 8-12A17F] FAA EH oA 55 A7} celecoxibR th 9-2
R, 48417+ SF Ao g 5 A47F celecoxib + parecoxib, diclofenac, ketorolac2.th
53 71 AAY R/ a7l tisiAlE, celecoxib® o] COX-2 JAA7L o
£ NSAIDXR T} S5}
ZE: 999 R A1E NSAIDE Aol FAge] zjo]7} A3 AJARRITE Bl AEE
NSAIDE©] AE1& NSAIDEXET} ¢ 873 Y 4= 911, indomethacin®} Z-2 4 NSAIDE
o] o2 NSAIDEET § oA 4= it
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Effect of magnesium sulfate on
oxygenation and lung mechanics in
morbidly obese patients undergoing
bariatric surgery: a prospective
double-blind randomized clinical trial
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Effects of sevoflurane on
metalloproteinase and natural killer
group 2, member D (NKG2D) ligand
expression and natural Killer cell-
mediated cytotoxicity in breast cancer:
an in vitro study
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A £ A7e S AlxoA AEEFH eFo] 7] F4 TR 8 A (matrix metallo-
proteinase, MMP)9] ¢, NKG2D #]7F=(natural killer group 2, member D; UL16-bind-
ing proteins [ULBP] 1-3 and major histocompatibility complex class I chain-related mole-
cules [MIC] A/B)9] ¥rd 9 AA, 18|31 A4S E(natural killer cell, NK cell) #7] Al
= S40] 1|XE Gare 241 918 S,

W B AT Al 7 A7 R 8 AIEF(MCF-7, MDA-MB-453, HCC-70)E A&
stk 0 (HZ2<), 600 (S6), 1200 uM (S12) FE] MEEFTS 242 I AEF 44]
7t 5t Attt SHALANNSH FAZEAHS 28519 NKG2D H=9] f-34
AT e ddg gFgeldon]; d4d ER3 a4 49 W 32 EAW(ELISA)XE °]
§3to] MMP-1 ¥ -29] T @3} soluble NKG2D HHES] H &5 HHst9rt.

A7k B EFT-E MCF-7, MDA-MB-453 9 HCC-70 AlZFol|A BE §3F o807
NKG2D Z|Zt= mRNA 2 @9d @2 AAFPARE, MMP-1 9 -29] LA soluble
NKG2D F7tE B Eo|e g3e £ okrt E3k ARZZeS MCF-7, MDA-MB-453
% HCC-70 |70l A AAASIAZ w7l A2 545 &7 AEH o2 ALK P
=0.040, P = 0.040 & P = 0.040).

ZE & A9 AEERR k30| & JEHoE Y A4 AAASIAIE wiA
Al E4E At Ag BojEtt o] 23t At AR EFto] o' MMP 239 |
S}HE = NKG2D e AR 7] 7]19ske Ao 24 €t

Keywords: Breast neoplasms; Inhalation anesthetics; Matrix metalloproteinases; Natural
killer cells; Sevoflurane; Tumor escape.
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What are the best approaches to
postoperative pain management after
total hip replacement surgery?

Ji Seon Jeong

Department of Anesthesiology and Pain Medicine, Samsung Medical Center, Sungkyunkwan
University School of Medicine, Seoul, Korea

Total hip arthroplasty (THA), with more than 400,000 cases performed annually
worldwide, is a common procedure that improves the quality of life of patients with hip
pain [1]. As THA is associated with moderate or high pain intensity [2], adequate post-
operative pain management without side effects enables early ambulation, facilitates
functional recovery, and reduces patient morbidity [1,3].

Peripheral nerve blocks are widely used for postoperative pain management after THA.
Clinicians must thus have a clear understanding of the distribution of nerves in the hip
joints. The hip joint is innervated by the articular branches of the femoral nerve, obtura-
tor nerve, and nerve to the quadriceps femoris. The superior gluteal, inferior gluteal, ac-
cessory obturator, and sciatic nerves also contribute to the innervation of the hip joint [4].
The anterior capsule and superior labrum, which have a higher density of nociceptors
and mechanoreceptors, appear to be the sources of pain [4]. However, the mechanism of
hip joint pain has not yet been clearly identified, and controlling pain with peripheral
nerve blocks after THA may be more difficult due to the distribution of multiple nerves
to the hip joint. Therefore, various postoperative pain control methods have been used to
block the nerves that innervate the hip joint. Additionally, as motor block affects early
ambulation, performing only sensory blocks that do not affect muscle strength is helpful
for postoperative recovery. Among the various pain control methods after THA, the peri-
capsular nerve group (PENG) block and quadratus lumborum block (QLB) are used to
avoid motor block [5-7].

In this issue of the Korean Journal of Anesthesiology, a study comparing the PENG
block (PENG group), intra-articular injection (IA group), and QLB (QLB group) for
postoperative pain control in patients undergoing primary total hip replacement surgery
was reported by Et and Korkusuz [8]. A total of 89 patients were included in the analysis:
30 in the PENG group, 30 in the QLB group, and 29 in the IA group. The dynamic Nu-
merical Rating Scale (NRS) scores at 3 h postoperatively were significantly lower in the
PENG and QLB groups than in the IA group (P = 0.002 and P = 0.036, respectively). At
6 h postoperatively, both the static and dynamic NRS scores in the IA group were signifi-
cantly higher than those in the PENG (P = 0.005 and P < 0.001, respectively) and QLB
(P = 0.017 and P = 0.002, respectively) groups. The median (Q1, Q3) time to first opioid
requirement was longer in the PENG (11 [8, 14] h) and QLB (11 [6, 14] h) groups than in
the IA group (7 [5, 8] h) (P = 0.009 and P = 0.016, respectively). The frequency of quad-
riceps muscle paralysis 3 h postoperatively was 23.3%, 63.3%, and 34.5% in the PENG,
QLB, and IA groups, respectively (P = 0.019). The frequency of quadriceps muscle paral-
ysis 3 h postoperatively was 23.3%, 63.3%, and 34.5% in the PENG, QLB, and IA groups,
respectively (P = 0.019). Postoperative mean time to mobilization was 13.2 + 4.4 h in the
PENG group, 17.3 + 4.9 h in the QLB group, and 15.3 £ 6.1 h in the IA group (P =
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0.011). No significant differences between the groups with respect
to the Quality of Recovery-40 score, patient satisfaction, or com-
plications were noted.

These findings suggest that the PENG and QLB techniques may
provide superior postoperative pain control at 6 h postoperatively,
delay opioid requirements compared to IA injection, and only
PENG technique facilitates early mobilization. However, the
choice between PENG and QLB should be made considering fac-
tors such as muscle strength and opioid consumption, and further
research is needed to determine the safety and efficacy of periph-
eral nerve blocks in the context of enhanced recovery after sur-
gery in THA.
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Pediatric perioperative fluid
management
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The purpose of perioperative fluid management in children is to maintain adequate volume
status, electrolyte level, and endocrine system homeostasis during the perioperative period.
Although hypotonic solutions containing glucose have traditionally been used as pediatric
maintenance fluids, recent studies have shown that isotonic balanced crystalloid solutions
lower the risk of hyponatremia and metabolic acidosis perioperatively. Isotonic balanced
solutions have been found to exhibit safer and more physiologically appropriate characteris-
tics for perioperative fluid maintenance and replacement. Additionally, adding 1%-2.5%
glucose to the maintenance fluid can help prevent children from developing hypoglycemia
as well as lipid mobilization, ketosis, and hyperglycemia. The fasting time should be as short
as possible without compromising safety; recent guidelines have recommended that the du-
ration of clear fluid fasting be reduced to 1 h. The ongoing loss of fluid and blood as well as
the free water retention induced by antidiuretic hormone secretion are unique characteris-
tics of postoperative fluid management that must be considered. Reducing the infusion rate
of the isotonic balanced solution may be necessary to avoid dilutional hyponatremia during
the postoperative period. In summary, perioperative fluid management in pediatric patients
requires careful attention because of the limited reserve capacity in this population. Isotonic
balanced solutions appear to be the safest and most beneficial choice for most pediatric pa-
tients, considering their physiology and safety concerns.

Keywords: Anesthesia; Child; Fluid therapy; Infant; Intravenous infusion; Isotonic solu-
tions; Perioperative medicine.

Introduction

The first intravenous (IV) fluid used in humans was administered to resuscitate a pa-
tient dying from malignant cholera [1]. At the earliest stages of IV fluid development, the
goal of fluid management was simply to replace intravascular volume loss to recover from
hypovolemia. However, hypervolemia was soon found to be as dangerous as hypovole-
mia. Disturbances in body volume or electrolyte balance can result in impaired organ
function and unfavorable outcomes, such as mortality [2,3]. The goal of perioperative
fluid management is to maintain homeostasis and central euvolemia and prevent excess
salt and water accumulation [4]. To attain a normal physiological state, maintaining or
re-establishing extracellular fluid (ECF) volume, blood volume, tissue perfusion, meta-
bolic function, electrolyte balance, and an appropriate acid-base status is necessary [5].
To achieve these goals, Holiday and Segar’s formula, commonly called the “4-2-1” rule,
has been used to calculate the infusion rate of maintenance fluids. However, the “4-2-1”
rule was based on a study that only included healthy persons in non-perioperative set-

tings (Table 1) [6]. Additionally, current pediatric anesthesia clinical practice is consider-
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Table 1. The “4-2-1” and “2-1-0.5” Rules

Weight (kg) Hourly fluid requirement using the “4-2-1” rule (ml/h) Hourly fluid requirement using the “2-1-0.5” rule (ml/h)
<10 4 x BW 2 x BW

10-20 40+ 2 x (BW-10) 20+ 1 x (BW-10)

> 20 60+ 1 x (BW-20) 30 + 0.5 x (BW-20)

BW: body weight.

ably different from that in Holiday and Segar’s era. Today, we have
a better understanding of pediatric physiology, including organ
maturation, perioperative fluid and electrolyte requirements, and
the effects of preoperative fasting. This review covers the basic
terminology, fluid management principles, and fluid physiology
relevant to children and the history of IV fluids, appropriate type
and volume of intraoperative IV fluids, preoperative fasting man-
agement, and the impact of hormonal changes on postoperative
fluid management.

We begin with the basic terminology used to describe electro-

lyte solutions’ effect on water movement into and out of the cell.

Osmolarity, osmolality, and tonicity

The osmotic concentration, commonly called “osmolarity;” is a
measurement of the osmotic activity of electrolyte solutions. Os-
molarity is the number of osmoles of solute per volume of solu-
tion (Osm/L). Homeostasis is the ability of an organism to main-
tain a stable internal environment. In humans, this involves the
dynamic balance of electrolytes and water in the intracellular flu-
id (ICF) and ECE which includes plasma. Disruption of this bal-
ance can lead to dehydration, edema, acidosis, alkalosis, and
changes in the plasma electrolyte concentrations (e.g., hypo- or
hypernatremia).

The osmolarity of a specific solution can be measured using an
osmometer or calculated from the composition of the solutes.
However, a simple summation of the osmolarity of all solutes in a
solution (theoretical osmolarity) is not equal to the measured
value (real osmolarity). The osmolarity can be calculated using

the following equation [7]:
Real osmolarity = Theoretical osmolarity x Osmotic coefficient

For example, a 0.9% Sodium(Na) chloride(Cl) solution has a
theoretical osmolarity of 308 mOsm/L (154 mOsm/L Na + 154
mOsm/L Cl), and the osmotic coefficient of the 0.9% NaCl solu-
tion is 0.93. If we substitute these numbers in the above equation,
we find that the real osmolarity of 0.9% NaCl is 286 mOsm/L (308
mOsm/L x 0.93) [ 7].

The term “osmolality” is used to express osmotic concentration.
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To calculate the osmolality, the mass of the solvent is used instead
of the volume to define the osmotic concentration. This can be
described as the number of osmoles of solute per unit mass of
solution, which is Osm/kg H,0 in most solutions for IV use.

The term “tonicity” is used to describe the behavior of a partic-
ular solution when a specific cell is fully submerged. The solution
is considered hypotonic if the cell swells, with a net movement of
water from the solution into the cell, and hypertonic if the cell
shrinks, with a net movement of water out of the cell. Isotonic
solutions do not alter the cell volume.

Osmolarity and tonicity are different concepts. While both are
used to compare the concentration of solutes between two solu-
tions separated by a semipermeable membrane (e.g., the mem-
brane of a human cell), the two terms differ in the definition of ef-
fective solutes. Cells can absorb some electrolytes through the cell
membrane via specialized transport proteins, which helps to pre-
vent the electrolytes from functioning as osmotically effective sol-
utes in vivo [8]. While both permeable and nonpermeable solutes
are considered effective for osmolarity, only nonpermeable solutes
are considered effective for tonicity. Consequently, an isotonic
solution for one species may not be isotonic for another. For ex-
ample, in the 19th century, scientific societies held the false belief
that a 0.6% NaCl solution was isotonic to humans based on ex-
perimental data from frogs [9].

The actual osmolarity of human plasma is 288 mOsmol/kg
H,O, which is not significantly different from the theoretical os-
molarity of 291 mOsmol/L. Therefore, a solution is considered
isotonic to human cells if the sum of the concentrations of the
nonpermeable solutes is not significantly different from 290
mOsmol/L.

For example, using an osmometer, the osmolarity of a 0.9%
NaCl solution is 286 mOsmol/L. Because both Na and Cl are non-
permeable solutes to human cell membranes, 0.9% NaCl is con-
sidered isosmotic and isotonic to human plasma. It is important
to note that an isosmotic solution is not always isotonic but can
also be hypotonic. For example, although the actual osmolarity of
a 5% dextrose water solution (5DW) is 278 mOsmol/L, it is con-
sidered hypotonic since, unlike Na or Cl, glucose can completely
permeate human cell membranes. When glucose enters the cell, it

drags water along with it via osmosis, causing the cell to expand
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in volume. Additionally, glucose metabolizes into energy, carbon
dioxide, and water once inside the cell, so 5DW is not different
from pure water in terms of tonicity [8].

To summarize, a hypoosmotic solution is always hypotonic,
whereas an isosmotic solution can be either hypotonic or isotonic.
Hyperosmotic solutions can be hypotonic, isotonic, or hypertonic.
For example, a 10% dextrose water (10DW) solution is considered
both hyperosmotic and hypotonic in humans.

Now we will discuss how fluid and electrolytes are balanced in
children.

Fluid and electrolyte physiology in children

The two-compartment model, which consists of the ECF and
ICE is commonly used to describe body fluids. The ECF to ICF
ratio changes continuously as a child grows. The proportion of the
ECF to the ICF volume is higher in the fetus (45% vs. 35% of body
weight). By 1 month of age, however, the ECF and ICF volumes
are equivalent, and the ratio of the ECF to the ICF as seen in
adults (1 : 2) is reached by the age of 1-3 years. Given that infants
have a relatively high ECF compared to ICF volume, they are
more susceptible to dehydration and fluid imbalance.

The proportion of total body fluids to body weight decreases
with age. In the fetus, the proportion is as high as 80%, falling to
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70% at full term, 60% by the age of 1 year, and 50%-60% after pu-
berty [10]. This decrease in water is primarily due to a decrease in
the ECF volume as the ICF volume increases with cell growth.
Fortunately, the composition of the ECE, including plasma, is con-
sistent across all ages, which allows for the same electrolyte-con-
taining fluids to be used in adults and children if their kidneys
have matured and can appropriately handle the electrolyte con-
centrations and water volume. The ECF consists of three com-
partments: the plasma, interstitial fluid, and transcellular fluid.
Only 25% of the ECF is plasma; the rest is interstitial fluid. Tran-
scellular fluid consists of the lymph, cerebrospinal fluid, aqueous
and vitreous humor, synovial fluid, and serous fluid. The volume
of transcelluar fluid is clinically negligible in healthy children
(Fig. 1) [11].

Na and Cl are the major electrolytes in the ECFE, including in
the plasma. The concentrations of potassium (K), phosphate,
magnesium, and proteins are higher in the ICF than in the ECE
The composition of the interstitial fluid is similar to that of the
plasma, except for lower levels of proteins in the interstitial fluid
[12]. This uneven distribution of fluids and electrolytes between
the ECF and ICF is mediated by the sodium-potassium adenosine
triphosphatase pump (Na-K ATP pump) in the cell membrane
(cations) and the Gibbs-Donnan effect (anions). The Na-K ATP
pump enables Na and K to be the major cations in the ECF and

Plasma
15t 1/4 of ECF
Interstitial ECF
flui
451 uid 1/3 of TBW
3/4 of ECF
TBW
60% of
body weight
ICF ywes
12 L
2/3 of TBW

Plasma 0.4 L
" . ECk TBW
Interstitial fluid 1.2 L 1/2 of TBW
ICF 70% of
ICF16L bod ight
1/2 of TBW ody weig

(A (B

Fig. 1. Distribution of body water in a (A) 30-kg child aged 9 years and (B) 4.5-kg child aged 1 month. The height of a graph is proportional to the
volume. ECF: extracellular fluid, ICF: intracellular fluid, TBW: total body water.
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ICE respectively. The Gibbs-Donnan effect is a phenomenon of
uneven distribution of diffusible ions between a semipermeable
membrane owing to the presence of non-diffusible ions. In body
fluids, negatively charged proteins in the ICF cannot cross cellular
membranes, making Cl a major anion in the ECF [13].

Electrolyte levels depend on the dynamic equilibrium between
intake and output. In healthy children, electrolyte loss occurs pri-
marily through the urine, followed by the skin. A total of 2-3
mEq/kg Na, 1-2 mEq/kg K, and 5 mEq/kg Cl leave the body in
urine every day. The loss of Na and K through the skin is much
lower (0.5 mEq/kg per day). To compensate for this loss, the daily
electrolyte requirements should be as follows: 3 mEq/kg Na, 2
mEq/kg K, and 5 mEq/kg Cl [6,14].

History of IV fluids

In 1628, William Harvey first explained the closed circulation
of blood in the human body in his famous book, “Exercitatio An-
atomica de Motu Cordis et Sanguinis in Animalibus,” translated as
“An Anatomical Exercise on the Motion of the Heart and Blood in
Living Beings” However, the first successful report of plasma re-
placement appeared approximately 200 years later, after the sec-
ond cholera pandemic in England [1]. Dr. Thomas Latta was the
first to successfully treat cholera with an IV fluid injection in
1832. He wrote “I at length resolved to throw the fluid immediate-
ly into the circulation. In this, having no precedent to direct me, I
proceeded with much caution” Of the initial four patients who
received IV fluids, one patient survived. He attributed the low
success rate to the low volumes infused, administration at a late
stage of the disease process, and underlying diseases [1]. Latta’s
initial IV fluid was a mixture of “two drachms of muriate, and two
scruples of carbonate of soda, to sixty ounces of water;” making it
a hypotonic and hyponatremic solution of NaCl and sodium car-
bonate mixed in water. The concentration was as follows: Na 106
mmol/L, Cl 78 mmol/L, and carbonate 14 mmol/L [15]. This hy-
potonic solution would induce hemolysis and may thus be related
to the high rate of resuscitation failure. Subsequently, Latta modi-
fied the solution to be closer to the concentrations in plasma, at
134 mmol/L Na, 118 mmol/L Cl, and 16 mmol/L bicarbonate
[16]. However, IV fluid resuscitation did not gain popularity after
the sudden death of Latta from pulmonary tuberculosis and the
end of the cholera pandemic.

Nearly 50 years passed before a similar physiologic IV solution,
designed by Sydney Ringer, appeared in the literature in 1882.
Ringer’s solution maintained the rhythmicity of frog cardiac mus-
cle in ex vivo studies better than saline, although he believed that

0.6% NaCl was isotonic to human serum, based on frog experi-
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ments [17]. In 1888, “normal saline” first appeared in a printed
article; however, the composition was far from equivalent to that
of the ECF: 150 mmol Na, 128 mmol Cl, 2.5 mmol phosphate,
and 27 mmol bicarbonate in 1,000 ml of water [18]. In 1921, Har-
tog Hamburger published a report that human blood and NaCl
0.9% solution were isotonic, based on a freezing point compari-
son. The in vitro study conducted by Hamburger provided the
first scientific support for the use of a 0.9% NaCl solution [19]. In
1924, Rudolph Matas advocated “the value and advantages of the
IV route for the direct and continuous instillation of fluids intend-
ed to replace the volume of lost blood,” prompting a new era of
continuous IV drips [20]. In 1932, the American pediatrician
Alexis Hartmann replaced the unstable bicarbonate in Ringer’s
solution with stable lactate while treating children with metabolic
acidosis due to severe diarrhea, emphasizing the advantage of a
balanced salt solution [21]. Calcium-free acetate-buffered isotonic
solutions (e.g., PlasmaLyte) have recently been introduced into
clinical practice. Although a better physiological profile has been
associated with a balanced salt solution, even in the 1930s, the

0.9% NaCl solution is still widely used perioperatively [22].

Ideal pediatric intraoperative fluid

Pediatric intraoperative fluid management involves four major
considerations. The first is tonicity, which is primarily determined
by Na concentration. The second is the use of a balanced solution,
with buffered solutions containing less Cl than unbalanced or un-
buffered solutions. The third is glucose levels, which are associat-
ed with hypoglycemia, lipolysis, ketosis, or even shock if depleted
and hyperglycemia if excessive. The fourth is the use of a colloid
solution containing protein or starch to maintain intravascular
oncotic pressure. Many medical societies have developed guide-

lines and recommendations to address these issues.

Hyponatremic vs isonatremic solutions

In this section, we will use the terms hyponatremic and isona-
tremic instead of hypotonic and isotonic to increase understand-
ing of the historical context of hypotonic maintenance fluid solu-
tions in pediatrics.

Holiday and Segar calculated the basal fluid and electrolyte re-
quirements for children. The Na requirement calculated was 3
mEq/100 cal/day [6]. If a child’s body weight is 5 kg, the amount
of fluid calculated using the “4-2-1” rule is 4 (cc/h/kg) x 5 (kg) x
24 (h/day) = 480 ml/day . Because the “4-2-1” rule is based on
the observation that processing one calory requires one milliliter

of water, the daily requirement of Na is 3 (mEq/100 cal/day) x
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480 (ml/cal) = 14.4 mEq/day. For a child with complete oral fast-
ing and minimal movement, 480 ml of water and 14.4 mEq of Na
should be supplied daily; an IV fluid solution containing 30 mEq/
L Na (14.4 mEq/0.48 L = 30 mEq/L) can be used. This is the
same Na concentration as that of 0.18% NaCl with 4% glucose
(154 mEq/L x 0.2 = 31 mEq/L), which is only 21.4% of the Na
concentr ation of human plasma (140 mEq/L x 0.214 = 30 mEq/
L). This is the rationale for using 0.18% NaCl with 4% glucose as
the maintenance solution for neonates and infants; however, this
is actually a hyponatremic solution. In the 1960s and early 1970s,
severe hyponatremic fluids, such as 0.2% NaCl or even 5% dex-
trose water (which contains no Na) was used as a maintenance
and replacement fluid perioperatively because of the false belief
that children’s immature kidneys could not excrete Na properly.
Although subsequent studies have demonstrated that the concen-
tration function of the kidney matures rapidly, reaching 80-90%
of adult levels by six months of age, the universal practice of ad-
ministering hyponatremic solutions during anesthesia persisted.
Because Na is the primary determinant of the osmolarity of a
solution, a hyponatremic solution is hypotonic in most cases.
When administered over a short period, such severely hypotonic
fluids can induce acute cerebral edema and, ultimately, brain her-
niation due to the net movement of water. Prepubescent children
are more vulnerable to hyponatremia-induced brain edema than
adults because of their increased brain-size-to-cranial-vault ratio,
decreased Na-K ATPase activity, and increased antidiuretic hor-
mone (ADH) levels in response to stress [23,24]. Children who
receive hyponatremic fluids may experience increased irritability,
headaches, seizures, and even sudden death [24,25]. In 2014, a
Cochrane review compared isotonic and hypotonic solutions as
maintenance IV fluids in children. This review included ten stud-
ies with 1,106 total patients. Most patients were admitted to an in-
tensive care setting. The risk of hyponatremia was decreased by
52% in the isotonic solution group [26]. This finding is consistent
with that of a well-designed double-blind randomized controlled
trial (RCT) comparing an isotonic IV fluid containing 140 mmol/
L Na to a hypotonic solution with 77 mmol/L Na as the IV main-
tenance fluid in children. The group that received the isotonic flu-
id had a lower risk of hyponatremia, with no increase in adverse
effects [27].

Even in the 1960s, Holliday was also aware of the risk of hypo-
natremia associated with large volumes of hypotonic solution
[28,29]. Although he recommended isotonic solutions for volume
expansion or compensation for volume deficits, he still preferred
hypotonic solutions for maintenance [30]. However, considering
practical concerns, such as the need for additional IV lines and

situations requiring rapid volume expansion, isotonic fluids are
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more appropriate for intraoperative use.

0.9% NaCl solutions vs balanced crystalloid solutions

Although ‘normal’ is too broad and vague of a term, we call
0.9% NaCl a ‘normal’ saline solution. Unfortunately, no scientific
background supports the use of the word ‘normal for the 0.9%
NaCl solution, which consists of 9 g NaCl in 1,000 ml of water.
Although this solution is isotonic to human blood, this does not
mean that it is normal or physiologic [31].

Moreover, the term ‘normal’ in normal saline gives a false sense
of security, making it dangerous since the human response to a
0.9% NaCl solution may not be benign. Even in healthy volun-
teers, a large volume infusion of 0.9% NaCl has been associated
with abdominal discomfort, pain, nausea, drowsiness, and de-
creased mental capacity to perform complex tasks [32]. Hyper-
chloremia, metabolic acidosis, fluid retention, renal vascular con-
striction, and reduced glomerular filtration rate can also occur in
both adults and children following a 0.9% NaCl infusion [34-37].
Additionally, this solution can cause cellular dysfunction by in-
ducing cytosolic acidification, membrane hyperpolarization, inac-
tivation of protein kinases, and disruption of phosphorylation
[38]. Although the 0.9% NaCl solution is isotonic to human plas-
ma, it can induce pathological changes in humans. Therefore,
caution is advised in calling this solution ‘normal’

A balanced crystalloid solution (BCS) is physiologically more
similar to human plasma than the 0.9% NaCl solution. A BCS
contains lactate, acetate, or malate as a bicarbonate precursor to
prevent hyperchloremic and dilutional metabolic acidosis, which
is observed after 0.9% NaCl infusions. Compared to lactate, ace-
tate metabolism is significantly faster and more independent of
hepatic function, with a lower increase in oxygen consumption
and no interference with the diagnostic use of lactate as a marker
of inadequate tissue perfusion [8]. A BCS can be used to normal-
ize electrolyte imbalance, maintain homeostasis, and provide a
margin of safety in cases of accidental hyperinfusion [39]. In a
well-designed RCT of critically ill adults, the use of a BCS was as-
sociated with a lower rate of death and new renal replacement
therapy than the use of a 0.9% NaCl solution [40]. In adult pa-
tients with sepsis, the beneficial effect of a BCS on mortality was
greater than that of saline when fluid choice was controlled earlier
[41]. Among non-critically ill adults, the incidence of major ad-
verse kidney events within 30 days was lower with a BCS than
with 0.9% NaCl [42]. A recent meta-analysis of 13 studies showed
that the BCS was associated with lower hospital or 28-30 day
mortality in critically ill adults [43]. However, the mortality and
acute kidney injury rates did not differ between the BCS and 0.9%
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NacCl solution groups in a Cochrane review of critically ill adult
and pediatric patients. However, it should be noticed that, only
258 pediatric patients were included in this Cochrane review [44].

A recent meta-analysis of three RCTs with 162 critically ill pe-
diatric patients showed that metabolic acidosis and bicarbonate
levels improved after 4-12 h of hydration with a BCS compared
with a 0.9% NaCl solution [45]. The European Society of Pediatric
and Neonatal Intensive Care recently conducted a systematic re-
view and published recommendations for IV maintenance fluid
therapy. In solid consensus, isotonic BCS was recommended as a
maintenance fluid in acute and critically ill children [46]. The Eu-
ropean consensus statement in 2011 and guidelines from the As-
sociation of the Scientific Medical Societies in Germany in 2016
also recommend an isotonic BCS be used for intraoperative main-

tenance fluid therapy in children [5,47].

Glucose

During surgery, surgical stress increases plasma counter-insulin
hormone levels (e.g., cortisol, glucagon, epinephrine, and growth
hormone) and decreases plasma insulin levels, which leads to a
hyperglycemia-induced catabolic state [48]. However, if the glu-
cose supplement is insufficient (e.g., long preoperative fasting
with no glucose supplement during surgery), lipolysis and keto-
genesis occur after depletion of glycogen and gluconeogenetic
substrates (e.g., alanine from skeletal muscle) [49]. This leads to a
lower or lower-normal glucose concentration, elevated levels of
ketone bodies and free fatty acids, reduced base excess, and the
occurrence of ketoacidosis [50].

To prevent hypoglycemia and catabolic reactions, fluids con-
taining 5% glucose (5DS) have gained popularity as a mainte-
nance infusion for children [23]. However, as the glucose concen-
tration of 5DS is 5,000 mg/dl, which is approximately 50 times
higher than that in plasma, perioperative infusion of 5DS can in-
duce hyperglycemia [50].

In pediatric patients, both hypoglycemia and hyperglycemia are
associated with neuronal damage [51]. To minimize the risk of
glucose and endocrine homeostasis disruption (hyperglycemia,
hypoglycemia, lipid mobilization, and ketosis), recent consensus
guidelines recommend 1%-2.5% glucose-containing solutions be
used as perioperative maintenance fluids for children [47,52].

However, the amount of glucose administered should be indi-
vidualized, and the anesthesiologist should monitor plasma glu-
cose levels regularly. By adhering to the recommended preopera-
tive fasting time for a healthy child past the neonatal stage, the ad-
ministration of a glucose-free solution is unlikely to disrupt glu-

cose and lipid homeostasis during brief (< 1 h), minimally trau-
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matic surgery such as inguinal hernia repair [53]. In fact, the inci-
dence of preoperative hypoglycemia is between 0% and 2.5% and
is usually associated with a longer duration of fasting. According-
ly, routine administration of glucose is not necessary in healthy
children. In contrast, for a child at a high risk of hypoglycemia, a
2.5% glucose- containing solution may not be sufficient to prevent
perioperative hypoglycemia and ketosis [54]. Children in a cata-
bolic state and/or with a low glycogen reserve (e.g., long fasting
time, burns, prematurity, debilitation, malnourishment, and liver
disease) are at a higher risk of perioperative hypoglycemia. One
RCT found that a 2%-4% DS administered at a rate of 10 ml/kg/h
was more effective at preventing intraoperative catabolism, insu-
lin resistance, rebound hyperglycemia, and acidosis than a 1% DS

in low-birth- weight neonates [55].

Colloids

The use of colloids in clinical practice is relatively new in medi-
cal history. The first case series of IV human albumin (HA) use
was published in 1941 for severely burned and injured sailors
during World War II [56]. Albumin is an essential component of
human plasma proteins. The human liver synthesizes 10-12 g of
albumin, which is degraded spontaneously daily. The half-life of
albumin in human plasma is up to 3 weeks [57]. Albumin com-
prises more than 50% of plasma proteins and is responsible for
80% of the intravascular oncotic pressure [58]. Besides maintain-
ing oncotic plasma pressure, albumin increases plasma concentra-
tions of thiols, which are essential antioxidants of the ECF [59],
modulates the activity of nitric oxide by generating an S-nitroso
adduct of serum albumin [60], and acts as a buffer for hydrogen
ions [61]. However, few studies have shown that external albumin
administration has a clinical impact on these mechanisms.

The use of HA in clinical settings remains controversial. HA
administration has not been found to decrease mortality in criti-
cally ill adults [62-64]. The actual intravascular volume expansion
efficacy of albumin in clinical settings, when compared with that
of a crystalloid solution, is often much less than theoretically ex-
pected. The theoretical volume expansion efficacy of albumin can
be achieved under the conditions of an intact vascular barrier and
normal permeability. However, critical illness and inflammatory
responses are frequently associated with the degradation of the
endothelial glycocalyx layer and increased vascular permeability,
which facilitate water and solute leakage into the interstitium.
This could partly explain the lack of clinical benefit associated
with HA in critically ill patients with edema or sepsis.

HA is the scarcest and most expensive colloid besides plasma.
Additionally, HA has a high associated risk of infection. There-
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fore, since the 1970s, synthetic colloids such as the hydroxyethyl
starch solution (HES) have gradually replaced HA in clinical
practice [65].

The HES is a corn- or potato-based starch containing 0.9% sa-
line or balanced crystalloids. Each HES has a unique molecular
weight, degree of substitution, C2/C6 ratio, and concentration.
The third-generation HES has a lower molecular weight of
130,000 Da and shows an improved safety profile with a lower
risk of renal failure and pruritus and fewer hemostatic alterations,
while maintaining the same volume effects [66,67]. The third
-generation HES in a balanced electrolyte solution showed fewer
acid-base and electrolyte alterations than 0.9% saline [68].

However, the use of a HES in adults, especially under critical
conditions, has been controversial. A recent large meta-analysis
showed that the HES is associated with an increased risk of blood
transfusions and renal replacement therapy in critically ill pa-
tients. However, immediate 30- and 90-day mortality rates did not
differ significantly [69]. In another meta-analysis, compared with
a low-molecular-weight (third-generation) HES in patients with
septic shock, a first- or second-generation HES was associated
with a significant risk of acute kidney injury and renal replace-
ment therapy, whereas the third-generation HES was associated
with an increased risk of renal replacement therapy but not acute
kidney injury [70].

In pediatric patients undergoing surgery, a meta-analysis of
nine RCTs showed that perioperative volume expansion with a
third-generation HES did not alter renal function, blood loss, or
blood transfusions [71]. The intraoperative use of a 6% HES
130/0.4 up to 30 ml/kg was not associated with postoperative
acute kidney injury in pediatric cardiac patients [72]. However,
HES products are under regulatory suspension for all ages in Eu-
rope and the USA [73,74].

Pediatric intraoperative fluid management

The most favored intraoperative maintenance fluid is an isoton-
ic BCS with 1%-2.5% glucose. This solution helps to maintain
electrolyte and endocrine homeostasis in children during surgery.
The “4-2-17 rule, along with the additional fluid requirements
based on the invasiveness of the surgical procedure (2 ml/kg/h for
minor, 4 mg/kg/h for intermediate, and 6 ml/kg/h for major trau-
ma) is still useful for calculating intraoperative maintenance in
children. Anesthesiologists should carefully monitor the ongoing
blood and fluid loss and compensate for this loss with an isotonic
BCS free of glucose or blood, as necessary. Individualized volume
replacement helps optimize the cardiac output based on dynamic

variables specific to pediatric patients and their vital signs [75].
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Colloids can be added to compensate for volume loss and to

maintain the plasma oncotic pressure.

Preoperative fasting

The fasting time associated with volume deficits influences in-
traoperative fluid management. Prolonged fasting is associated
with patient discomfort, nausea and vomiting, thirst, hunger, anx-
iety, and metabolic changes, including ketoacidosis. However,
these adverse effects are less likely to occur when the traditional
“6-4-2” fasting guideline is strictly followed [76]. Excessive fasting
is common, with some patients fasting for up to 15 h, which is
much longer than the recommended fasting time of 2 h [77,78].
Recent studies have suggested that shorter clear-fluid fasting du-
rations may be more beneficial. Two well-designed multidisci-
plinary approaches that included educating parents and medical
personnel and encouraging clear fluid intake even up to 2 h before
surgery, failed to reduce the clear fluid fasting time. In contrast,
after changing the minimum fasting time to 1 h, prolonged fasting
decreased by more than 50% [79,80]. The residual volume of the
stomach and gastric pH did not differ between the 1-h and 2-h
clear fluid fasting groups [81]. Pooled data and audits of liberal
fluid intake guidelines have shown that clear fluid in the stomach
of children during the induction of elective anesthesia does not
increase the risk of aspiration [82].

In 2022, the European Society of Anesthesiology and Intensive
Care published updated guidelines for preoperative fasting in
children in which the 6 (solid, infant formula) - 4 (breast milk) - 2
(clear fluid) regimen was changed to the 6 (solid) - 4 (infant for-
mula) - 3 (breast milk) - 1 (clear fluid) regimen (each number
representing the minimal hours of fasting) [83]. This reduction in
the recommended preoperative clear fluid fasting time is consis-
tent with the 2018 consensus statement from the European Soci-
ety for Pediatric Anesthesiology (ESPA) [84]. Although this mini-
mum recommended clear-fluid fasting time may be controversial,
achieving the shortest possible fasting time without compromis-
ing patient safety is essential. The ESPA recommends < 3 ml/kg
of clear fluid based on a study examining serial magnetic reso-
nance imaging, which showed that the residual gastric volume re-
turned to baseline 1 h after ingestion of 3 ml/kg sugared clear flu-
id [85].

Postoperative fluid management

Children should start drinking fluids as early as possible after
anesthesia. However, timing should be based on the childs urge

to drink. Forced postoperative drinking is associated with in-
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creased vomiting [83]. When early oral intake is not possible or
insufficient, IV fluid support is essential to maintain normovole-
mia. Postoperative IV fluid management involves two unique as-
pects: ongoing body fluid loss and free water retention. Table 2
shows the composition of body fluids. Most body fluids are iso-
tonic; however, they can be hyponatremic or isonatremic. Using
a hyponatremic solution as a postoperative maintenance fluid is
associated with a high risk of iatrogenic hyponatremia.

Free water retention following surgery is another cause of iatro-
genic hyponatremia. Renin and ADH are released to retain salt
and water in response to perioperative hypovolemia. Renin pro-
motes Na and water retention via aldosterone, while ADH induc-
es water resorption via the water channels of the collecting tubules
and ducts in the kidneys. Intravascular volume depletion is the
most potent stimulus of ADH release. Although this reaction is

physiological and thus not inappropriate, various osmotic and

Table 2. Composition of Body Fluids

non-osmotic factors, including pain, inflammation, surgical
stress, hypoxia, hypercapnia, sepsis, organ dysfunction, and drugs
potentiate the release of excessive amounts of ADH, causing the
syndrome of inappropriate antidiuretic hormone secretion (SI-
ADH) to occur [86]. Children in the postoperative period are at
risk of dilutional hyponatremia.

To compensate for body fluid loss and free water retention and
to minimize the risk of iatrogenic hyponatremia, the postopera-
tive maintenance solution should be isotonic and isonatremic
[27]. If a patient has a risk of water retention associated with ADH
secretion, restricting fluids to 50%-80% of routine maintenance
can be considered.

Even in 1972, Holliday recommended that the maintenance
fluid infusion rate be reduced to half of the “4-2-1” rule when the
urine output is decreased due to ADH secretion [87]. In 2007, he

modified his maintenance fluid therapy recommendations for

Source Na' (mEq/L) K" (mEq/L) Cl' (mEq/L) HCO; (mEq/L) pH Osmolarity (mOsm/L)
Gastric 50 10-15 150 0 1 300

Pancreas 140 5 0-100 100 9 300

Bile 130 5 100 40 8 300
Ileostomy 130 15-20 120 25-30 8 300
Diarrhea 50 35 40 50

Sweat 50 5 55 0 Alkaline

Blood 140 4-5 100 25 74 285-295

Urine 0-100 20-100 70-100 0 4.5-8.5 50-1400

Modified from Herrin JT. Fluids and electrolytes. In: Manual of Pediatric Therapeutics. 6th ed. Edited by Graef JW: Philadelphia, Lippincott-

Raven. 1997, pp 63-75.

Table 3. Composition of Plasma and Crystalloid Fluids

Na" cr K* Ca®  Mg" Glucose Lactate Acetate Gluconate Osmolarity H
(mEq/L) (mEg/L) (mEg/L) (mEq/L) (mEq/L) (g/L) (mEq/L) (mEq/L) (mEg/L) (mOsm/L)
Blood
Plasma 135-145 94-111 4.5-50 2.2-2.6 0.8-1.0 0.07-0.1 1-2 275-295 74
Isotonic solution
0.9% Sodium Chloride 154 154 308 5.6
Hartmann's solution 131 111 54 1.8 28 280 6
Plasmalyte-A 140 98 3 27 23 294 74
Hypotonic Solution
5% Dextrose in Water 50 280 4
0.45% Sodium Chloride 77 77 154 5.6
0.3% Sodium Chloride with 51 51 33 288 4.5
3.3% Dextrose (1:2 DS)
0.18% Sodium Chloride with 30 30 40 284 4.5

4% Dextrose (1:4 DS)

Plasma and isotonic solution. Modified from Semler MW, Kellum JA. Balanced crystalloid solutions. Am ] Respir Crit Care Med 2019; 199: 952

60. Hypotonic solution: from manufacturer’s data sheet.
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acutely ill and mild-to-moderately hypovolemic children with
ADH secretion. He recommended that 20-40 ml/kg of isotonic
solution be administered rapidly within 1-2 h to stop the secre-
tion of ADH and that hypotonic solution be administered per his
original recommendation, with the rate reduced by half of the “4-
2-1” rule [88]. However, he was a pediatrician and not a pediatric
anesthesiologist, and his recommendation was not intended for
the postoperative state. As previously mentioned, because of other
ADH-stimulating factors, recovery from hypovolemia is not suffi-
cient to stop the secretion of ADH during and after surgery.

Thus, during the postoperative period, the fluid management
priority is early oral fluid intake based on ameliorating thirst. If
parenteral fluid management is necessary, isotonic solutions
should be used as maintenance fluids in children, and the rate
should be half of the “4-2-1” rule (i.e., the “2-1-0.5” rule) when
hourly urine volume is diminished due to ADH secretion. After
urine volume is normalized, the rate may be increased to again
follow the “4-2-1” rule (Table 1).

Conclusion

For perioperative fluid management, anesthesiologists should
be aware of the perioperative pathophysiology of children and the
characteristics of the fluids (Table 3). Excessive preoperative fast-
ing is associated with discomfort, dehydration, and a catabolic
state. The preoperative fasting time should be kept to a minimum
to ensure patient safety. An isotonic balanced solution shows bet-
ter physiological characteristics and is safer for perioperative
maintenance and replacement than other fluids. For intraopera-
tive maintenance, adding 1%-2.5% glucose can help prevent glu-
cose and endocrine homeostasis disruption in some patients.
During the postoperative period, children should be encouraged
to drink fluids when thirsty. The rate of postoperative fluid ad-
ministration should be adjusted to account for the effects of free
water retention by renin and ADH as well as ongoing fluid and

blood loss during the postoperative period.
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Intention-to-treat versus as-treated
versus per-protocol approaches to
analysis

EunJin Ahn, Hyun Kang

Department of Anesthesiology and Pain Medicine, Chung-Ang University College of Medicine,
Seoul, Korea

Randomized controlled trials (RCTs) are considered the most rigorous study design for
testing hypotheses and the gold standard for evaluating intervention effectiveness. Howev-
er, RCTs are often conducted under the assumption of ideal conditions that may differ
from real-world scenarios in which various issues, such as loss to follow-up, mistakes in
participant enrollment or intervention, and low subject compliance or adherence, may oc-
cur. There are various group-defining strategies for analyzing RCT data, including the in-
tention-to-treat (ITT), as-treated, and per-protocol (PP) approaches. The ITT principle
involves analyzing all participants according to their initial group assignments, regardless
of study completion and compliance or adherence to treatment protocols. This approach
aims to replicate real-world clinical settings in which several anticipated or unexpected
conditions may occur with regard to the study protocol. For the PP approach, only partici-
pants who meet the inclusion criteria, complete the interventions according to the study
protocols, and have primary outcome data available are included. This approach aims to
confirm treatment effects under optimal conditions. In general, the ITT principle is pre-
ferred for superiority and inequality trials, whereas the PP approach is preferred for equiv-
alence and non-inferiority trials. However, both analytical approaches should be conduct-
ed and their results compared to determine whether significant differences exist. Overall,
using both the ITT and PP approaches can provide a more complete picture of the treat-
ment effects and ensure the reliability of the trial results.

Keywords: Data analysis; Intention to treat analysis; Intervention study; Randomized con-
trolled trial; Statistics; Treatment outcome.

Gap between real and ideal

A randomized controlled trial (RCT) is an experimental research design in which re-
searchers introduce one or more interventions and subsequently observe the outcomes
[1]. Scientifically rigorous methodologies such as randomization and blinding are typi-
cally applied in RCTs. Randomization ensures that each participant has an equal chance
of being assigned to one or more interventions, eliminating the potential bias that may
arise if researchers arbitrarily or intentionally assign participants to intervention groups
[2]. Blinding of participants, investigators, observers, data analysts, and/or others in-
volved in the study to the assigned groups reduces or eliminates biases that may arise
from deviations from the intended intervention and/or biases in the measurement of out-
comes [1]. Therefore, RCTs are considered the most scientifically rigorous study design
for testing hypotheses and the gold standard for evaluating the effectiveness of interven-
tions. RCTs are considered to provide a high level of evidence regarding the effectiveness

of the interventions [3].
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RCTs are assumed to be conducted under ideal conditions,
which may differ from real-world scenarios. In an ideal setting, all
eligible participants are randomly assigned to the intervention
groups, meet the eligibility and inclusion criteria, follow the trial
protocols perfectly with no loss to follow-up, and have no missing
data. In this ideal setting, which subjects need to be included in
analysis is obvious. The trial design and implementation should
strive to achieve this ideal scenario as much as possible. However,
in practice various situations may arise, such as loss to follow-up,
mistakes in enrollment or intervention, and low subject compli-
ance (passive behavior) or adherence (more positive, proactive
behavior). These situations, which RCT researchers frequently
encounter, are collectively referred to as “non-compliance,”

“non-adherence,” or missing data [4].

Bias caused by non-compliance or non-
adherence to study protocols

In clinical studies, participants may not always comply with or
adhere to study protocols. They may forget to attend interventions
or take medications, intentionally or unintentionally undergo oth-
er interventions or medications, fail to achieve proper outcomes,
or withdraw from the study. Occasionally, researchers may also
inadvertently enroll patients who do not meet the eligibility and
inclusion criteria for the study. Strategies for dealing with
non-compliance, non-adherence, or missing data (i.e., whether to
include, exclude, or impute them) can affect the study results.
Given that researchers hold conflicting beliefs regarding these
strategies, disagreements can often occur. Therefore, researchers
must have a good understanding of group-defining strategies to
effectively plan how to handle non-compliance, non-adherence,
or missing data in advance.

There are various group-defining strategies for analyzing RCT
data, including the intention-to-treat (ITT), as-treated (AT), and
per-protocol (PP) approaches, which may lead to different results.
For example, if a researcher or analyst wants to demonstrate a
positive result for an intervention compared to a control in a clin-
ical trial, they may choose an optimistic group-defining strategy.
However, this can lead to the overestimation of treatment effects,
false positives, and conflicts between researchers. Therefore, it is
important to plan in advance the group-defining strategy that will
be used and clearly state it in the study protocol. Any possible is-
sues such as inappropriate enrollment, protocol violations, with-
drawals, and missing values should also be defined and addressed
in advance. Specifically, the definitions and statistical strategies for
PP and AT should be addressed in detail. Selecting a group-defin-

ing strategy after data collection can introduce researcher and an-
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alyst bias.

Owing to the growing recognition of the importance of evi-
dence-based medicine, the number of meta-analyses and network
meta-analyses published that quantitatively synthesize the results
of RCTs has increased [5,6]. In meta-analyses or network me-
ta-analyses, the choice of group-defining strategies among ITT,
AT, and PP can result in significantly different outcomes [7].
Overall, careful planning and transparency are essential for the
appropriate handling of non-compliance, non-adherence, or

missing data in research studies.

Study example

A virtual study example was designed to demonstrate the dif-
ferent group-defining strategies for analyzing RCT data (i.e., ITT,
AT, and PP). This virtual study aims to compare the severity of
postoperative sore throat in patients who undergo surgery under
general anesthesia in the supine position within 2 h. Twelve pa-
tients were randomly assigned to two groups: six in the stream-
lined liner of the pharyngeal airway (SLIPA) group and six in the
intubation group. Patients with diabetes, gastroesophageal reflux,
neurological diseases, musculoskeletal diseases, or ankylosing
spondylitis were excluded. The primary outcome was the severity
of postoperative sore throat measured using the visual analog
scale (VAS) at 2, 4, 12, 24, and 48 h postoperatively.

The ideal scenario would be for patients to complete the trials
as soon as they are randomized and allocated. However, unex-
pected events can occur in real-world settings. For example, pa-
tients E and F in the SLIPA group received endotracheal intuba-
tion because of the difficulty in SLIPA insertion to complete the
trials. Although this can occur at any time in the clinical setting, it
complicates comparisons between the SLIPA and intubation
groups (Fig. 1A).

Various group-defining strategies were used to compare the
SLIPA and intubation groups. For group-defining strategy 1, the
six patients (A, B, C, D, E, and F) randomized to the SLIPA group
are compared to the six patients (G, H, L, ], K, and L) randomized
to the intubation group (Fig. 1B). For group-defining strategy 2,
the four patients (A, B, C, and D) who underwent an SLIPA are
compared with the eight patients (E, F G, H, I, ], K, and L) who
underwent intubation, regardless of group assignment (Fig. 1C).
For group-defining strategy 3, the four patients (A, B, C, and D)
in the SLIPA group are compared to the six patients (G, H, I, ], K,
and L) in the intubation group (Fig. 1D).

For practical purposes, applying group-defining strategy 2,
which compares patients who actually underwent an SLIPA inser-

tion and intubation, is appropriate. However, let us assume that
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Fig. 1. Virtual study example. (A) Study flow diagram, and (B) intention-to-treat, (C) as-treated, and (D) per-protocol approaches. Twelve patients
were randomly assigned to the streamlined liner of pharyngeal airway (SLIPA) (n = 6) and intubation (n = 6) groups. Patients E and F in the
SLIPA group received endotracheal intubation instead of SLIPA owing to difficulty with SLIPA insertion for completing the trials. The transparent
rectangle refers to the subjects included in the intubation group, while the opaque rectangle represents the SLIPA group. (D) The faint arrow
indicating patients E and F shows the subjects who were ultimately excluded from the study.

the two patients with failed SLIPA insertions had abnormal air-
way anatomies, which contributed to the sore throat postopera-
tively. As the patients were randomized into the groups, let us as-
sume that the intubation group would have approximately two
patients with abnormal anatomies. However, we do not know the
identity of these patients. For simplicity, we refer to these patients
as patients K and L.

For group-defining strategy 3, the patients (E and F) with ab-
normal airway anatomy were not included in the SLIPA group,
while the intubation group included two patients (K and L) with
abnormal anatomies (Fig. 1D). This is not a fair comparison of
the two groups as it introduces bias. For group-defining strategy
2, no patients with abnormal airway anatomies were included in
the SLIPA group, while four patients (patients E, F, K, and L)
with abnormal anatomies were included in the intubation group
(Fig. 1C), potentially introducing more bias than group-defining
strategy 3.

Group-defining strategy 1 is the only approach that fairly com-

pares the two groups, as it includes two participants with abnor-
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mal airway anatomies in each group (Fig. 1B). Thus, the random-
ized nature of group-defining strategy 1 allows for a more unbi-
ased comparison of postoperative pain between the two groups.
Strictly speaking, however, group-defining strategy 1 is a compar-
ison of the severity of postoperative sore throat after the SLIPA, or
intubation if SLIPA is not possible, and intubation.

However, performing a clinical study is complex and challenges
in clinical research and data analysis are often met, as shown in
Fig. 2A. For example, outcome data for patient D in the SLIPA
group could not be obtained owing to loss to follow-up, and pa-
tients E and F in the SLIPA group received endotracheal intuba-
tion instead of SLIPA owing to difficulty with SLIPA insertion. In
the intubation group, patient J expired during surgery, the re-
searcher unintentionally inserted an SLIPA into patient K, and
patient L was found to have a history of diabetes, and thus should
have been excluded according to the exclusion criteria.

Researchers also face several challenges during data analysis.
First, they need to decide whether to include or exclude subjects

who do not meet the inclusion criteria (e.g., patient L). Second,
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Fig. 2. Complex study example. (A) Study flow diagram and (B) intention-to-treat, (C) as-treated, and (D) per-protocol approaches. Twelve
patients were randomly assigned to the streamlined liner of pharyngeal airway (SLIPA) (n = 6) and intubation (n = 6) groups. Patient D was lost
to follow up, and patients E and F in the SLIPA group received endotracheal intubation instead of SLIPA owing to difficulty with SLIPA insertion.
Patient ] expired during the surgery. The researcher unintentionally inserted an SLIPA into patient K, and patient L in the intubation group was
found to have a history of diabetes and should have been excluded during enrollment. The transparent rectangle refers to the subjects included in
the intubation group, while the opaque rectangle represents the SLIPA group. (D) The faint arrow indicating patients D, E, E J, K, and L shows the

subjects who were ultimately excluded from the study.

for the participants who received a different intervention than the
randomized group they were assigned to, researchers must decide
which group to include them in (e.g., patients E, E and K). Third,
they need to decide whether to exclude or include patients with
missing data (e.g., patients D and J). Additionally, if they decide to
include patients with missing data, they must decide how the data
should be handled. In this study, we introduce various group-de-
fining strategies (i.e., ITT, AT, and PP) in relation to this study ex-
ample and explain how they can be used to address problems en-
countered.

Intention to treat (ITT)

The ITT principle is a group-defining strategy in which patients
are maintained in the initial intervention group to which they
were randomized and assigned, regardless of whether they actual-
ly received that intervention. With this approach, biases that can

occur if some patients are noncompliant or nonadherent to proto-
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cols or excluded from the analyses are avoided. According to the
ITT principle, all patients should be included in the group to
which they are initially assigned as much as possible to preserve
the essence of randomization, even if they do not receive the in-
tended treatment, meet the inclusion criteria, or follow the study
protocols.

Figs. 1B and 2B describe the ITT principle. Using this strategy,
patients who did not receive the assigned treatment (SLIPA) (i.e.,
patients E and F) remain in the groups to which they were initially
assigned (Figs. 1B and 2B). Similarly, patient K would be included
in the intubation group, as initially assigned (Fig. 2B). Additional-
ly, patients who did not meet the inclusion criteria (i.e., patient L)
would be included in the analysis. Finally, even though some data
were missing for certain patients (i.e., patients D and J), they were
included in the analyses (Fig. 2B).

As such deviations from the study protocol can even occur in
well-controlled clinical trials, they occur even more often in re-

al-world scenarios. Therefore, it is more realistic to include pa-
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tients with such deviations in the analyses (ITT principle). Thus,
using the ITT principle, the analysis of study data is as unbiased
as possible. The Cochrane Collaboration also strongly recom-
mends using the ITT principle and reporting results in clinical
trials [8].

However, achieving the ITT principle in real-world settings is
difficult. Therefore, a modified version of the ITT principle, called
the modified ITT (mITT) principle, has been introduced. This
approach allows for some deviations from the ideal ITT principle.
For example, the mITT principle may only include patients who
meet certain diagnostic criteria or receive standard treatments, or
only those who have baseline assessments or are followed up for a
certain length of time [9]. However, the definition of the mITT
used in clinical trials is often inconsistent and arbitrary.

The statistical principles for clinical trials (ICH E9) guideline
introduces the term “full analysis set” (FAS), which is also a type
of mITT. The FAS is as complete and as close as possible to the
ITT ideal of including all randomized subjects. These guidelines
allow for the exclusion of subjects who fail major entry criteria,
such as no applied treatment and no data available after random-
ization [10]. However, these major entry criteria are not common-
ly used to define the ITT principle [11].

As treated (AT)

The AT approach is a group-defining strategy in which patients
are assigned to the analysis group according to the actual treat-
ment received regardless of their randomization assignment
[4,12]. This approach should be compared with the ITT principle,
in which participants are analyzed according to their randomiza-
tion assignments. In an ideal setting in which all participants re-
ceive their allocated treatments without errors, the results would
be the same, though this is often not the case.

Figs. 1C and 2C show examples of the AT principle for partici-
pants who did not receive their randomly allocated treatments. In
the study example, patients E and F were supposed to undergo an
SLIPA insertion but underwent intubation instead (Figs. 1C and
2C), while patient K was supposed to undergo intubation but un-
derwent an SLIPA insertion instead (Fig. 2C).

Using the ITT principle, participants who receive an interven-
tion other than the randomly assigned intervention are analyzed
according to their randomized assignments; thus, patients E and F
were analyzed as part of the SLIPA group, and patient K was ana-
lyzed as part of the intubation group (Figs. 1B and 2B). However,
when using the AT approach, participants who receive an inter-
vention other than the randomly assigned intervention are ana-

lyzed based on the actual treatments received. Hence, in this case,
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patients E and F were analyzed as part of the intubation group,
and patient K was analyzed as part of the SLIPA group (Figs. 1C
and 20).

Per protocol (PP)

Unlike the ITT principle, which considers only the randomized
groups without excluding any subjects, and the AT approach,
which considers only the actual treatments received without ex-
cluding subjects for noncompliance, nonadherence, or with miss-
ing data, the PP approach aims to confirm treatment effects under
optimal conditions [13]. With the PP strategy, only subjects who
meet the following criteria are included: 1) absence of major pre-
defined protocol violations of the inclusion criteria, 2) completion
of a pre-specified intervention, and 3) availability of data on the
primary outcome [14].

Some subjects can be excluded from the study if the PP strategy
is used. For example, patients with major predefined protocol vio-
lations in the inclusion criteria (e.g., patient L), those who do not
follow the randomly assigned interventions (patients E, E, and K)
(Figs. 1D and 2D), and those with missing data for the primary
outcome (patients D and J) would be excluded (Fig. 2D). Conse-
quently, only three patients in the SLIPA group (patients A, B, and
C) and three patients in the intubation group (patients G, H, and
I) would be included (Fig. 2D).

The PP approach is more likely to detect a difference between
the experimental and control groups than the ITT principle be-
cause it only includes subjects who comply with or adhere to the
study protocol without violations. This can lead to more signifi-
cant differences between the groups. Researchers may be interest-
ed in detecting a treatment effect when compliance or adherence
to the protocol is optimal, and the treatment effect based on the
PP approach may be of greater interest to patients deciding
whether to undergo a treatment.

The most critical aspect of using the PP approach is establishing
clear subject inclusion or exclusion criteria during the study plan-
ning stage rather than during the analysis stage. If the study pro-
tocol is not accurately complied with or adhered to, the group that
a subject belongs to may be ambiguous. Furthermore, specific
reasons for excluding participants, such as the use of medications
in the exclusion criteria, poor compliance or adherence, loss to
follow-up, and missing data, should be predetermined. Addition-
ally, researchers should carefully consider how excluding a subject
for a specific reason may affect the study outcomes. This ensures
that the analysis is unbiased and that any differences observed be-
tween the groups are attributable to the intervention itself rather

than any methodological differences.
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ITT vs. PP

In clinical trials, the AT and PP approaches can be difficult to
interpret because the benefits of randomization (elimination of
systematic errors in treatment assignment) are lost and thereby
bias is introduced into the results [12]. This occurs when patients
who adhere to their assigned treatments differ from those who do
not adhere in ways that also affect outcomes. To address this issue,
statistical techniques can be applied to account for potential varia-
tions among patients who do and do not adhere to their assigned
treatments [4].

With the ITT principle, in which participants who do not re-
ceive their assigned interventions, are not compliant or adherent
to protocols, or have missing data for the primary outcome are in-
cluded, the estimated treatment effects may be diminished and
diluted [15], generally moving the intervention effect size toward
zero (Figs. 3A-D). If adherence to a treatment is linked to a great-
er treatment effect, the treatment effect predicted by the ITT-
based approach is frequently smaller than the effect size assessed
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using the PP-based approach [16].

Thus, the ITT principle is often the preferred primary analysis
approach because it is more conservative and less likely to uncov-
er differences between groups in terms of superiority or inequality
in RCTs (that seek to show investigational products as superior or
unequal). In Figs. 3A and B, we see that in Case C, the null hy-
pothesis can be rejected using the PP approach but not using the
ITT approach. Therefore, a case that does not show a difference
or superiority using the ITT approach will show a difference or
superiority using PP.

However, in equivalence or non-inferiority trials (which seek to
show equivalent or non-inferior treatment effects, respectively),
diminishing and diluting the treatment effects of the ITT principle
can result in the two treatment arms having similar outcomes [17].
In Figs. 3C and D, we see that in Case B, the null hypothesis cannot
be rejected using PP but can be rejected using the I'TT principle.
Therefore, cases that do not show equivalence or non-inferiority
with PP may show equivalence or non-inferiority with the ITT
principle. However, this increased possibility of rejecting the null
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Fig. 3. Comparison of treatment effects between the intention-to-treat (ITT) and per-protocol (PP) approaches. (A) Inequality trial, (B) superiority
trial, (C) non-inferiority trial, and (D) equivalence trial. The white line represents the ITT approach, and the gray line represents the PP approach.
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hypothesis makes the ITT principle less conservative and can lead
to inappropriate claims of equivalence or non-inferiority. In such
cases, the PP may be more appropriate [18].

Similarly, when performing comparisons with placebo or sham
groups, the ITT principle is the preferred group-defining strategy
for primary analysis in superiority trials, which is the most com-
mon design for interventional studies. However, in equivalence or
non-inferiority trials comparing a treatment with a placebo or
sham group or in superiority or inequality trials comparing a
treatment to an active drug, the application of the ITT principle is
generally not conservative. Therefore, whether to use ITT must be
considered carefully [19]. However, in most antibiotic non-inferi-
ority trials, the ITT principle is more conservative than the PP ap-
proach [20]. This may be attributable to the lower treatment suc-
cess rate, which contributes to a higher variance and wider CI us-
ing the ITT principle than using the PP, thus resulting in a lower
CI limit. Consequently, although the PP is frequently recom-
mended as the primary group-defining strategy for studies exam-
ining non-inferiority, serious concerns about its potential for in-
formative censoring have been voiced.

Therefore, it is important to conduct analyses based on both the
ITT principle and PP and to document all subjects who are in-
cluded in the trial or excluded from the analyses [20]. The reasons
for exclusion should be noted and the effects of all losses on the
main analyses should be carefully considered. When both the ITT
principle and the PP approach are used for analyzing the results of
clinical trials and lead to similar conclusions, confidence in the
trial results increases. Otherwise, efforts should be made to deter-
mine the cause of differences between the results. If the results
from the PP approach demonstrate a more favorable treatment ef-
fect than those obtained using the ITT principle, this may suggest
that participants adhering to and/or complying with the treatment
had better results. A high dropout rate or missing data may dilute
the treatment effect from the ITT principle because this approach
incorporates all participants, even those with incomplete data.
Substantial differences between the results obtained from the ITT
principle and PP approach may imply difficulties in the generaliz-
ability of the treatment to real-world settings.

Therefore, the CONSORT guidelines also strongly suggest that
estimates from both the ITT and PP approaches be provided in
trial reports [21]. However, excluding a significant proportion of
subjects from the PP approach may raise questions about the
overall validity of the trial.

Missing data
Missing data can arise due to the attrition or exclusion of par-
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ticipants from the study. Attrition occurs when the participants
are lost to follow-up, withdraw from the study, or fail to provide
adequate data. Exclusion occurs when a participant does not meet
the study inclusion criteria or is excluded for other reasons during
the course of the study. Missing data can lead to various problems
including a reduction in statistical power, bias in parameter esti-
mation, reduced sample representativeness, and complications in
study analysis. These distortions can threaten the validity of the
trial and lead to invalid conclusions [22].

Missing data is typically handled using statistical methods such
as complete case analysis or list-wise deletion (i.e., ignoring, delet-
ing, or analyzing data from incomplete subjects with missing
data) or imputation (i.e., substituting some value for the missing
data and performing analyses using the imputed value) or analyz-
ing incomplete data using methods that do not require a complete
dataset (i.e., likelihood-based methods, moment-based methods,
and semi-parametric models for survival data). In addition, re-
searchers can perform sensitivity analyses to evaluate the robust-
ness of the results when applying various statistical methods or
assumptions.

The choice of method depends on the primary group-defining
strategy used for the primary outcome. For example, investigators
may perform a complete case analysis with the PP approach or
impute missing data for mITT analyses because with this ap-
proach, patients with missing data must be included.

Additionally, when researchers calculate sample sizes for their
studies, they should consider the primary group-defining strategy.
If they plan to use the ITT principle, their estimates of the effect
size should be adjusted compared to the PP approach because the
ITT principle includes data from non-compliant or non-adherent
patients, those lost to follow-up, and those with missing data,
which can reduce effect size estimates. The variability in adjusting
the effect size estimate should also be considered. Additionally,
when calculating sample sizes, researchers should consider drop-
out, non-compliance, or non-adherence rates, depending on

whether the missing data will be included and/or imputed.

Conclusion

There are various group-defining strategies for analyzing RCT
data, including the ITT, AT, and PP approaches. The ITT princi-
ple aims to replicate real-world clinical settings, where many an-
ticipated or unexpected events may occur that diverge from the
study protocol. The PP approach, on the other hand, aims to con-
firm the treatment effects under optimal conditions.

In general, when comparing treatments to placebo or sham

groups, the I'TT principle is preferred for superiority or inequality
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trials, whereas the PP approach is preferred for equivalence or
non-inferiority trials. However, analyses based on both the ITT
principle and PP approach should be conducted, the results
should be compared, and differences should be analyzed.

If research is conducted under ideal conditions without any
non-compliance, non-adherence, or missing data, all datasets
based on the ITT, AT, and PP approaches would be identical.
However, deviations from ideal conditions in real-world settings
are common. Hence, researchers should anticipate and account
for these potential deviations during the planning stage and make
decisions in advance regarding how to handle and incorporate
such deviations into the resulting data. Overall, performing analy-
ses using both the ITT principle and PP approach can provide a
more complete picture of the treatment effects and help ensure
the reliability of trial results.
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Predicting optimal endotracheal tube
size and depth in pediatric patients
using demographic data and machine
learning techniques

Hyeonsik Kim', Hyun-Kyu Yoon', Hyeonhoon Lee'?,
Chul-Woo Jung', Hyung-Chul Lee"’

'Department of Anesthesiology and Pain Medicine, Seoul National University College of
Medicine, Seoul National University Hospital, *Biomedical Research Institute, Seoul National
University Hospital, *Department of Data Science Research, Innovative Medical Technology
Research Institute, Seoul National University Hospital, Seoul, Korea

Background: Use of endotracheal tubes (ETTs) with appropriate size and depth can help
minimize intubation-related complications in pediatric patients. Existing age-based for-
mulae for selecting the optimal ETT size present several inaccuracies. We developed a ma-
chine learning model that predicts the optimal size and depth of ETTs in pediatric patients
using demographic data, enabling clinical applications.

Methods: Data from 37,057 patients younger than 12 years who underwent general anes-
thesia with endotracheal intubation were retrospectively analyzed. Gradient boosted re-
gression tree (GBRT) model was developed and compared with traditional age-based for-
mulae.

Results: The GBRT model demonstrated the highest macro-averaged F1 scores of 0.502
(95% CI [0.486, 0.568]) and 0.669 (95% CI [0.640, 0.694]) for predicting the uncuffed and
cuffed ETT size (internal diameter), outperforming the age-based formulae that yielded
0.163 (95% CI [0.140, 0.196], P < 0.001) and 0.392 (95% CI [0.378, 0.406], P < 0.001), re-
spectively. In predicting the ETT depth (distance from tip to lip corner), the GBRT model
showed the lowest mean absolute error of 0.71 cm (95% CI [0.69, 0.72]) and 0.72 cm (95%
CI[0.70, 0.74]) compared to the age-based formulae that showed an error of 1.18 cm (95%
CI [1.16, 1.20], P < 0.001) and 1.34 cm (95% CI [1.31, 1.38], P < 0.001) for uncuffed and
cuffed ET'T, respectively.

Conclusions: The GBRT model using only demographic data accurately predicted the
ETT size and depth. If these results are validated, the model may be practical for predict-
ing optimal ET'T size and depth for pediatric patients.

Keywords: Airway management; Demography; General anesthesia; Intratracheal intuba-
tion; Machine learning; Pediatrics.

Introduction

Selecting an appropriate size and depth of the endotracheal tube (ETT) is essential to
minimize intubation-related complications in pediatric patients. An improper ETT size
may require reintubation, increasing the risk of airway injury and prolonged apnea [1-3].
Moreover, inaccurate estimation of tube depth can cause bronchial intubation that can
result in pneumothorax or atelectasis. By contrast, shallow insertion of an ETT can lead

to an unsecured airway or inadequate ventilation [4].
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Several methods have been proposed to select the optimal ETT
size. Among those, Cole’s age-based formula is typically used in
clinical practice to estimate the internal diameter (ID) of un-
cuffed ETTs [5]. Other age-based formulae, such as those pro-
posed by Khine et al. [6] and Duracher et al. [7], have been sug-
gested for cuffed ETTs. The age-based formulae have also been
used to estimate the optimal depth of ETT insertion [8]. Howev-
er, several inaccuracies have been reported in these age-based
formulae [9-11]. These inaccuracies might be because of the
nonlinearity of tracheal growth with age. Another possible rea-
son is inter-individual discrepancies in ETT size among individ-
uals of the same age [12-14].

Machine learning algorithms handling complex nonlinear rela-
tionships have shown excellent performance in various medical
fields [15]. However, few studies have integrated machine learning
models to suggest the optimal ETT size and depth for pediatric
patients [16]. Zhou et al. [16] implemented machine learning
techniques with image-based features such as tracheal diameter at
the C6, C7, and T2 levels or the distance from C6 to the tracheal
carina. However, their model requires manual measurements by
clinicians using X-ray images that are not usually available for pe-
diatric surgical patients. By contrast, basic demographic data,
such as age, sex, weight, and height, can be easily acquired from
the most recent electronic health record system.

In this study, we aimed to develop and validate an explainable
machine learning model to predict the optimal ETT size and
depth for pediatric patients using only demographic data. Our
hypothesis was that the machine learning model would outper-
form traditional age-based formulae in predicting the optimal
ETT size and depth. A favorable model developed through this

approach may be beneficial in routine anesthesia practice.

Materials and Methods

The Institutional Review Board of Seoul National University
Hospital (Approval number: 2304-012-1418) approved this study
and waived the requirement for informed consent owing to the
retrospective nature of the study design. We followed the recom-
mendations of the ‘Strengthening the Reporting of Observational
Studies in Epidemiology’ guidelines [17].

Study population

Data were collected from 151,651 pediatric surgical patients
who underwent general anesthesia with endotracheal intubation
at Seoul National University Hospital from October 2004 to No-

vember 2022. Cases with the following characteristics were ex-
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cluded: (1) age > 12 years; (2) specialized ETT type, such as right
angle endotracheal, double lumen, and electromyogram tubes;
(3) missing values for ETT type and size in the anesthesia note;
and (4) surgical cases of second or subsequent surgeries for a sin-
gle patient.

Data collection

Nursing and anesthesia notes were extracted from the hospital’s
clinical data warehouse. The most recent values of sex, height, and
weight before surgery were extracted from the nursing notes. The
ETTs utilized throughout the study period were Shiley™ Oral/
Nasal Endotracheal Tube Cuftless Murphy Eye (Medtronic, Ire-
land) or ShileyTM Hi-Lo Oral/Nasal Tracheal Tube (Medtronic,
Ireland). The type, size (ID), and fixed depth (distance from tip to
lip corner) of the ETT were identified from the anesthesia notes.

A routine practice during the study at our hospital was selecting
the ETT size based on Coles formula, as decided by the attending
anesthetists. If ventilation was inadequate owing to a leak, the pa-
tient was reintubated with a larger ETT. By contrast, if the tube
size was large and did not advance within the trachea, a smaller
size was retried. The optimal tube depth was determined by aus-
cultation. After tracheal intubation, the ETT was introduced until
the right upper lobe breath sounds disappeared. Subsequently, the
tube was withdrawn until the upper lobe breath sounds reap-
peared. An additional length (1-2 cm) was retracted to prevent
bronchial intubation by position change. Once fixed, the presence
of breath sounds from both lung fields was reconfirmed, and the
depth marker at the lip corner was recorded in the anesthesia
note. The ID and depth of the ETT were recorded as 0.5 mm and

0.5 cm, respectively.

Model development

We developed regression models using gradient boosted regres-
sion tree (GBRT) and linear regression (LR) to predict the size
and depth of the ETT separately. Due to the distinct rationale be-
hind tube selection, we trained separate models to predict the size
and depth of uncuffed and cuffed ETTs. Statistical outliers (£
28D [standard deviation]) for height, weight, tube size, and depth
within one-year intervals were considered as missing values. We
performed multiple imputations to substitute the missing height
and weight values.

The most recent 20% of the data was designated as the test
dataset. The remaining data were assigned as the training dataset,
separately for uncuffed and cuffed ETT types, to train the models.

The test dataset was used to evaluate and compare the perfor-
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mances with that of the traditional formulae. Subsequently, we
used the BorutaSHAP method to select the necessary input vari-
ables from demographic data (age, sex, height, and weight) in the
GBRT model. This method combines the Boruta feature selection
algorithm with the Shapley value calculations [18]. After selecting
the most relevant variables, they were incorporated into the final
input of the machine learning models to predict the ID and fixed
depth of the ETT. The hyperparameters for the GBRT model were
determined using ten-fold cross-validation, and a grid search was
performed for each combination of the hyperparameters. Supple-

mentary Table 1 lists the hyperparameter combinations.

Outcome variables

The ETT size predicted by the models was rounded to the near-
est 0.5 mm. The primary outcome for the size model was the
macro-averaged F1 score that comprehensively evaluates the
model’s performance across all classes by calculating the un-
weighted mean value of the F1 score for each class. Additionally,
we computed the accuracy of predicting the exact size and the size
within 0.5 mm of the tube, given that clinicians typically prepare
three sizes of ETTs in case of failure.

To compare the performance of our model in predicting the
size of an ETT, we selected Cole’s formula [5] for an uncuffed
ETT (ID [mm] = age in years / 4 + 4.0) and Duracher’s formula
[7] for a cuffed ETT (ID [mm] = age in years / 4 + 3.5) as tradi-
tional age-based formulae. For below one year of age, an ID of 3.5
mm was used, and for between one and two years of age, 4.0 mm
was used for the uncuffed ET'T, as Cole’s formula applies over the
age of two. A size smaller by one was used for cuffed ETTs for
ages less than two years. The Penlington’s formula (ID [mm] =
age in years / 4 + 4.5) was also used to estimate the uncuffed ETT
size [19].

The primary outcome of the depth model was measured in
terms of the mean absolute error (MAE). Additionally, root mean
squared error (RMSE) and R-squared were calculated to evaluate
the performance of the depth model. To calculate the depth of the
ETT, we selected traditional age-based formulae based on the Pe-
diatric Advanced Life Support (PALS) guidelines (recommended
depth of insertion [cm] = age in years / 2 + 12) [8]. We compared
the performance of the GBRT models with that of traditional age-
based formulae and LR models.

The linearity assumptions in the relationships between ETT
size and depth with age were tested by verifying the normality of
the residual distributions at a significance level of 0.05. The scatter
plots of these variables and those of the residuals and fitted values

were depicted to verify the linear relationship.
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We adopted the Shapley additive explanation (SHAP) method
to enhance the interpretability of the machine learning model.
This method calculates the contribution of the input variables to
the prediction and quantifies how each variable affects the output
of the machine learning model [20].

To enhance the limited intuitive understanding of machine
learning outcomes, we constructed a table presenting predictions
for tube size using the GBRT model. This table was created by ref-
erencing the pediatric growth chart offered by the Korea Disease
Control and Prevention Agency [21]. We incorporated weight
and height data corresponding to the 5th, 15th, 25th, 50th, 75th,
85th, and 95th percentiles for each age from the pediatric growth
chart.

We have released our data, model parameters, and code in a
public repository (https://github.com/Hyeonsik/ endotracheal _
tube.git) and developed a web-based calculator (https://tubesize.
net) to validate and apply the results.

Subgroup analysis

We performed a subgroup analysis of our predictive model for
ETT size according to age. The patient population was stratified
into three distinct age groups: neonates (< 1 month), infants (< 1
year), and others (> 1 year). Subsequently, we assessed and com-
pared the predictive performance with the trained GBRT model

within these subgroups without retraining.

Statistical analysis

Continuous variables, such as age, weight, and height, are pre-
sented as means (standard deviation) or medians (Q1, Q3), de-
pending on the results of the Shapiro-Wilk test. Categorical vari-
ables, such as sex and ETT type, are presented numerically (per-
centages). Model performances were computed with a 95% CI
through bootstrapping methods, and ml-stat-util (https://github.
com/mateuszbuda/ml-stat-util) was employed for conducting sta-
tistical tests. The Mood’s median test was performed for model
comparisons in the subgroup analysis. The Mann-Whitney U test
or two-sample t-test was performed to compare continuous vari-
ables depending on the Shapiro-Wilk test results. For the com-
parison of categorical variables, the chi-square test was performed.
Considering the two outcomes (size and depth) and two tube
types (cuffed and uncuffed), a P value < 0.0125 was considered
statistically significant after the Bonferroni correction.

A custom program was developed using Python® (Python Soft-
ware Foundation, USA) with scikit-learn 1.0.2, XGBoost 1.7.3,
Keras 2.7.0, SHAP 0.41.0, BorutaSHAP 1.1, and stat-util libraries,

https://doi.org/10.4097/kja.23501
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to develop and validate the model.

Results

After excluding 114,594 patients, the final analysis included
37,057 surgical procedures (Fig. 1). The general characteristics of
the data are summarized in Table 1. There were differences in age,
height, weight, and the distribution of tube depth between train-
ing and test sets for both cuffed and uncuffed ETT data. The

Korean J Anesthesiol 2023;76(6):540-549

BorutaSHAP method was employed to identify significant input
variables for the size and depth models, and the variable ‘sex’ was
removed, except for the model predicting the depth of uncuffed
ETTs, as they did not significantly affect the output (P < 0.05, Fig.
2). The results showed that age, weight, and height are critical fac-
tors in predicting ETT size and cuffed ETT depth. By contrast,
age, sex, weight, and height are critical factors in predicting un-
cuffed ETT depth. Scatter plots depicting ETT size and depth by
age and scatter plots depicting the residuals and fitted values are

Assessed for eligibility at participant level (n = 151,651)

Excluded (n = 114,594)
* Age > 12 years (n = 21,262)
* Specialized ETT, such as right angle ETT,
double lumen tube, and electromyogram tube

A4

(n = 62,590)

* Missing values for ETT type and size (n =
19,328)

« Surgical cases of the second or subsequent
surgeries for a single patient (n = 11,414)

Analyzed (n = 37,057)
« Cuffed ETT (n = 13,390)

» Uncuffed ETT (n = 23,667)

A4

A4

Cuffed ETT (n = 13,390)
« Training set (n = 10,712)
« Test set (n = 2,678)

Uncuffed ETT (n = 23,667)
« Training set (n = 18,934)
« Test set (n = 4,733)

Fig. 1. Study flowchart. ETT: endotracheal tube.

Table 1. Comparison of Demographic and Tube Data between Training and Test Datasets for Cuffed and Uncuffed ET'Ts in This Study

Variable Missing (%) Training dataset Test dataset P value

Uncuffed ETT 18,934 (80.0) 4,733 (20.0)
Age (yr) 0 3.32(0.88, 5.41) 2.94 (091, 4.75) < 0.001
Sex (M) 0 11,122 (58.7) 2,735 (57.8) 0.239
Height (cm) 6.6 922 (74.2,111.0) 90.1 (75.0, 107.0) < 0.001
Weight (kg) 2.7 14.6 (9.0, 19.0) 13.7 (9.2, 17.7) < 0.001
ID of ETT (mm) 0 48 (4.0,5.5) 48 (4.0,5.5) 0.867
Fixed depth (cm) 10.9 13.6 (12.0,15.5) 13.2(11.5,15.0) < 0.001

Cuffed ETT 10,712 (80.0) 2,678 (20.0)
Age (yr) 0 7.28(3.22,10.9) 4.36 (0.539, 7.56) < 0.001
Sex (M) 0 6,403 (59.8) 1,528 (57.1) 0.011
Height (cm) 39 120.0 (96.0, 144.1) 97.6 (67.0,125.4) < 0.001
Weight (kg) 2.9 28.4(14.5,39.5) 18.6 (7.5,25.4) < 0.001
ID of ETT (mm) 0 5.3 (4.5,6.0) 45(3.5,5.5) < 0.001
Fixed depth (cm) 9.6 16.2 (14.0, 19.0) 14.1 (11.0,17.0) < 0.001

Values are presented as mean * SD, median (Q1, Q3), or number (proportion). ETT: endotracheal tube, ID: internal diameter.
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Fig. 2. Boxplot of the feature importance from input candidates using the BorutaSHAP method. (A) Boxplot of the feature importance from input
candidates (age, sex, weight, height, and existence of cuff) for predicting uncuffed ETT size using the BorutaSHAP method. (B) Boxplot of the
feature importance from input candidates (age, sex, weight, height, and existence of cuff) for predicting cuffed ETT size using the BorutaSHAP
method. (C) Boxplot of the feature importance from input candidates (age, sex, weight, height, and existence of cuff) for predicting uncuffed ETT
depth using the BorutaSHAP method. (D) Boxplot of the feature importance from input candidates (age, sex, weight, height, and existence of cuff)
for predicting cuffed ETT depth using the BorutaSHAP method. X-axis presents the input features and Y-axis shows the Z-score of whether each
feature has an importance significantly lower than the threshold. Features confirmed important are presented in green (P < 0.05) and blue colors,
while red color represents unimportant features (P < 0.05). The term ‘Shadow’ on the X-axis refers to shadow features generated by randomly
permuting the dataset of each original feature. Then, the feature importance are computed in the original and the generated shadow features. ETT:
endotracheal tube.

shown in Fig. 3. The linearity assumption between ETT size and ~ 0.196], P < 0.001) for uncuffed ETTs and 0.392 (95% CI [0.378,
age was not achieved (P < 0.001). 0.406], P < 0.001) for cuffed ETTs (Table 2).

The GBRT model showed the highest macro-averaged F1 score The GBRT model achieved the best performance in predicting
of 0.502 (95% CI [0.486, 0.568]) in predicting the size of uncuffed the ETT depth, with an MAE of 0.71 cm (95% CI [0.69, 0.72]) for
ETTs and 0.669 (95% CI [0.640, 0.694]) for cuffed ETTs. This per- uncuffed ETTs and 0.72 cm (95% CI [0.70, 0.75]) for cuffed ETTs.
formance was superior to that of traditional age-based formulae ~ The GBRT model outperformed the traditional age-based formu-
that achieved a macro-averaged F1 score of 0.163 (95% CI [0.140, la (MAE for uncuffed ETTs = 1.18 cm [95% CI 1.16, 1.20], MAE
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Fig. 3. Scatter plots and residuals analysis for ETT size and depth by age. (A) Scatter plot of uncuffed ETT size by age. (B) Scatter plot of residuals
for LR analysis between uncuffed ETT size and age. X-axis presents residuals that indicate the difference between the observed and predicted ETT
sizes. Y-axis presents the fitted values generated using a LR model. (C) Scatter plot of cuffed ETT size according to age. (D) Scatter plot of residuals
and fitted values for uncuffed ETT size by age. (E) Scatter plot of ETT depth by age. (F) Scatter plot of residuals and fitted values for ETT depth
according to age. The black line refers to the LR trend between two axes, and red line refers to a locally weighted scatterplot smoother fitted to the
residual scatter plot. ETT: endotracheal tube, LR: linear regression.
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Table 2. Performance of GBRT Model, MLR Model, and Age-based Formulae for Predicting the Size of ETT

Model Macro-averaged F1 P value AC& l;r;lcr};v(?yzl)lm P value Accuracy (%) P value
Uncuffed ETT
GBRT 0.502 (0.486, 0.568) Reference 98.1(97.8,98.4) Reference 58.2 (57.0, 59.4) Reference
MLR 0.407 (0.395, 0.424) < 0.001 972 (96.8,97.6) < 0.001 53.8 (52.5, 55.0) < 0.001
Penlington’s" 0.203 (0.196,0.211) < 0.001 82.6 (81.7,83.5) < 0.001 41.3 (40.2,42.5) < 0.001
Coles' 0.163 (0.140, 0.196) < 0.001 78.1(77.1,79.1) < 0.001 20.3(19.3,21.2) < 0.001
Cuffed ETT
GBRT 0.669 (0.640, 0.694) Reference 99.5(99.3,99.7) Reference 70.1 (68.6,71.5) Reference
MLR 0.576 (0.551, 0.600) < 0.001 99.4 (99.1, 99.6) 0.589 58.4 (56.8,59.9) < 0.001
Duracher’s* 0.392 (0.378, 0.406) < 0.001 96.6 (96.0, 97.2) < 0.001 46.9 (45.3,48.5) < 0.001

Values are presented as numbers (95% CI). GBRT: gradient boosted regression tree, MLR: multiple linear regression, ETT: endotracheal tube, ID:
internal diameter. *Penlington’s formula (ID of the uncuffed ETT [mm] = age in years / 4 + 4.5), 'Cole’s formula (ID of the uncuffed ETT [mm] =
age in years / 4 + 4.0), *Duracher’s formula (ID of the cuffed ETT [mm] = ageinyears/4 +3.5).

Table 3. Performance of GBRT, MLR Models, and Age-based Formula for Predicting the Depth of ETT

Model MAE (cm) P value RMSE (cm) P value R-squared P value
Uncuffed ETT
GBRT 0.71 (0.69, 0.72) Reference 0.88 (0.87, 0.90) Reference 0.831 (0.823, 0.839) Reference
MLR 0.74 (0.73,0.76) < 0.001 0.94 (0.92, 0.96) < 0.001 0.803 (0.793, 0.812) < 0.001
PALS* 1.18 (1.16,1.20) < 0.001 1.46 (1.44,1.49) < 0.001 0.572 (0.554, 0.589) < 0.001
Cuffed ETT
GBRT 0.72 (0.70, 0.74) Reference 1.00 (0.91, 1.14) Reference 0.904 (0.875, 0.921) Reference
MLR 0.77 (0.75, 0.80) < 0.001 1.05(0.97, 1.20) < 0.001 0.884 (0.852,0.903) < 0.001
PALS 1.34(1.31,1.38) < 0.001 1.67 (1.61,1.75) < 0.001 0.720 (0.693, 0.740) < 0.001

Values are presented as numbers (95% CI). GBRT: gradient boosted regression tree, MLR: multiple linear regression, ETT: endotracheal tube,
MAE: mean absolute error, RMSE: root mean squared error, PALS: pediatric advanced life support. *PALS guideline (depth of insertion [cm] =

ageinyears/2 + 12).

for cuffed ETTs = 1.34 cm [95% CI 1.31, 1.38]). There was a sig-
nificant performance difference between the GBRT model and
the traditional age-based formula (P < 0.001) (Table 3).

In the subgroup analysis, the size model showed the highest
macro-averaged F1 score in the infant group for uncuffed ETTs
and the other groups for cuffed ETTs, while the other groups
showed the lowest accuracy for both uncuffed and cuffed ETT
sizing (Table 4).

The tube sizes and depths predicted by the GBRT model for the
representative demographic values are presented in Supplementa-
ry Table 2.

The SHAP summary plot in Supplementary Fig. 1 illustrates the
contribution of each input variable to the output of the GBRT
model. Older age, uncuffed ETT, heavier weight, and taller height
contributed to larger ETT size. Older age, heavier weight, taller
height, and male sex were associated with deeper ETT depth. The
SHAP dependence plots presented in Supplementary Fig. 2 and

Supplementary Fig. 3 illustrate the effect of each input variable on
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the prediction.

Discussion

In this study, we developed and validated machine learning
models to predict the optimal ETT size and depth in pediatric pa-
tients. Our models used only demographic variables and consid-
ered the GBRT algorithm. The developed models outperformed
the traditional age-based formulae.

Previous studies on optimal ETT size using age-based formu-
lae have reported an accuracy in the range of 15%-50% in pre-
dicting the exact uncuffed or cuffed ETT size [9,10,14,16]. How-
ever, our model exhibited an accuracy of 58.2% and 70.1% for
exact matching and 98.1% and 99.5% for an accuracy within 0.5
mm for uncuffed and cuffed ET'Ts, respectively. The differences
in performance might be attributable to the use of machine
learning algorithms that can model nonlinear relationships. The

linearity test results and SHAP dependency plot in our study
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Table 4. Subgroup Analyses based on Age for Predicting ETT Size using GBRT Model

Accuracy within

Macro-averaged F1 P value 0.5 mm (%) P value Accuracy (%) P value

Uncuffed ETT

Neonate 0.371 (0.300, 0.467) < 0.001 98.2 (96.3,99.4) < 0.001 65.0 (58.9,71.2) < 0.001

Infant 0.521 (0.500, 0.543) < 0.001 98.6 (98.0, 99.2) < 0.001 65.7 (63.3,67.9) < 0.001

Others 0.426 (0.389, 0.480) Reference 97.9 (97.5,98.3) Reference 55.5(54.1, 56.9) Reference
Cuffed ETT

Neonate 0.541 (0.459, 0.674) < 0.001 100.0 (100.0, 100.0) < 0.001 88.3(83.0,93.6) < 0.001

Infant 0.510 (0.429, 0.632) < 0.001 99.6 (99.3,99.9) < 0.001 82.4(80.2, 84.6) < 0.001

Others 0.626 (0.591, 0.657) Reference 99.4 (99.0, 99.7) Reference 63.1(61.2, 65.0) Reference

Values are presented as numbers (95% CI). ETT: endotracheal tube, GBRT: gradient boosted regression tree.

confirmed the nonlinear relationship between the size or depth
of the ETT and age.

Other demographic variables, such as height and weight, also
contributed significantly to improving the prediction of ETT size
and depth. In the analysis based on the BorutaSHAP method, all
variables, except for sex, were included in the GBRT model for
predicting the ETT size. Therefore, adding these variables signifi-
cantly improves model performance. These results are consistent
with previous findings stating that there was no difference in
terms of sex in developing the trachea throughout childhood [22].
Moreover, sex was only included in the GBRT model for predict-
ing the depth of uncuffed ETTs. The uncuffed tube depth may be
affected by sex owing to the difference in tongue size, as the ETT
depth was measured at the lip corner.

In a previous study, Zhou et al. [16] developed machine learn-
ing models using demographic data and extracted features from
the chest X-ray images of 990 patients to estimate the ETT size.
The accuracies of their models were 57.5% and 52.3% for cuffed
and uncuffed ETTs, respectively, whereas our model using only
demographic data yielded accuracies of 70.1% and 58.2%, respec-
tively. This difference can be attributed to the massive volume of
data we used that was 25 times more than that used by Zhou et al.

Although Cole’s formula has been used in clinical practice for
several decades, several studies have reported that Penlington’s
formula is more accurate for predicting uncuffed ETT size
[10,16]. Our study also found that Penlington’s formula that sug-
gests a larger ETT size was more accurate than Coles formula in
predicting uncuffed ETTs in pediatric patients. This difference in
accuracy may be attributed to variations in the growth curve in
pediatric populations over time and race since Cole’s formula was
first introduced in a North American pediatric population in 1957
[5]. Nevertheless, all age-based formulae investigated in this study
were highly inaccurate compared to the machine learning models.

In our subgroup analysis, the accuracy of the ‘others” group,

https://doi.org/10.4097/kja.23501

consisting of individuals aged one year or older, in predicting the
ETT size was the lowest among the three age groups. This may be
because the trachea size in the neonate and infant groups was rel-
atively uniform compared to those in the other age groups. The
difference in performance among the age groups also indicated a
nonlinear relationship between age and tube size.

The strength of our model is its readiness in clinical situations
because it is available as a web calculator, and its code is available
online. In most electronic medical record systems, height and
weight information is obtained before surgery. Additionally, ac-
cording to the BorutaSHAP results obtained in this study, this ad-
ditional information is significant. Therefore, a system imple-
mented with the proposed model to provide automated sugges-
tions could be practical for determining a more accurate ETT size
and fixation depth in pediatric patients.

Our study has a few limitations. First, because our study was
retrospective, there may be inevitable biases, and the excluded or
missing data could have affected the results. Therefore, future pro-
spective validation is needed to address these issues with minimal
data loss. Second, the generalizability of our study may be limited
because it was conducted for an Asian population at a single insti-
tute. The different patterns in clinical practices may influence the
machine learning model’s performance and limit its real-world
applicability. Therefore, conducting external validation studies
across multiple centers, encompassing diverse patient populations
and clinical practices, is crucial to assess the robustness and reli-
ability of the model’s performance before the application. Third,
we might have missed some important input variables, such as
congenital diseases that may further affect airway anatomy and re-
sult in size depth variations of the ETT [23,24]. Fourth, different
cuff designs, such as Hi-Contour or TaperGuard™ (Medtronic,
Ireland), could result in variations in the optimal tube size and
depth. Therefore, the models may require retraining before apply-
ing them to different tube types using the corresponding data for
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each specific tube type. Fifth, although we utilized the minimal set
of readily collectible demographic variables, additional input pa-
rameters, such as Mallampati classification or imaging data like
X-rays and ultrasound images, can improve model performance.
Sixth, the labeled ETT size and depth may not be optimal because
there could be some tolerance for improper tube size and depth by
the attending anesthetist based on auscultation. Additionally, there
may be inaccuracies in the recorded tube depth because the fixed
depth difference may be changed by the patient’s position, espe-
cially in neonates and infants.

In conclusion, we developed and validated an explainable ma-
chine learning model to precisely estimate the size and depth of
an ETT in pediatric patients using only basic demographic data.
Prospective validation is warranted to validate our results before

integration into clinical practice.
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Supplementary Materials

Supplementary Table 1. Combinations of hyperparameters for the
gradient boosted regression tree (GBRT) model predicting size
and depth of endotracheal tube (ETT).

Supplementary Table 2. The predicted internal diameter (ID) and
depth of the endotracheal tubes (ET'Ts) using the gradient boost-
ed regression tree (GBRT) models based on the representative de-
mographic values.

Supplementary Fig. 1. Shapley additive explanation summary plot
for endotracheal tube (ETT) size and depth prediction by gradient
boosted regression tree (GBRT) models. (A) Shapley additive ex-
planation summary plot for input variables in the GBRT model
for predicting the size of uncuffed ETTs. (B) Shapley additive ex-
planation summary plot for input variables in the GBRT model
for predicting the size of cuffed ETTs. (C) Shapley additive expla-
nation summary plot for input variables in the GBRT model for
predicting the depth of uncuffed ETTs. (D) Shapley additive ex-
planation summary plot for input variables in the GBRT model
for predicting the depth of cuffed ETTs. The red and blue dots
represent the higher and lower values of the variables, respective-
ly. Large Shapley values indicate a high contribution to output re-
gardless of positive or negative. Older age, heavier weight, and
taller height contribute to a larger size of the ETT. Older age,
heavier weight, taller height, and male sex were associated with
deeper ETT depth.

Supplementary Fig. 2. Shapley additive explanation dependence
plot for each input variable in the gradient boosted regression tree
(GBRT) model for predicting the size of uncuffed endotracheal
tubes (ETTs): (A) age, (B) weight, and (C) height. Shapley additive
explanation dependence plot for each input variable in the GBRT
model for predicting the size of cuffed ETTs: (D) age, (E) weight,
and (F) height. Effect of a feature on the model’s output and the
distribution of the feature’s value is visualized as a scatter plot in
the Shapley dependence plot. Horizontal axis represents the value
of each feature, and the vertical axis represents the Shapley values
of a feature. The light grey area at the base of the plot represents a
histogram displaying the distribution of data values.
Supplementary Fig. 3. Shapley additive explanation dependence
plot for each input variable in the gradient boosted regression tree
(GBRT) model for predicting the depth of uncuffed ETTs: (A)
age, (B) sex, (C) weight, and (D) height. Shapley additive explana-
tion dependence plot for each input variable in the GBRT model
for predicting the depth of cuffed ETTs: (E) age, (F) weight, and
(G) height. Effect of a feature on the model’s output and the distri-
bution of the features value is visualized as a scatter plot in the

Shapley dependence plot. The horizontal axis represents the value
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Association between inflammation-
based prognostic markers and
mortality of non-cardiac surgery
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'Department of Anesthesiology and Pain Medicine, Samsung Medical Center, Sungkyunkwan
University School of Medicine, Seoul, *Center for Health Promotion, Samsung Medical
Center, Sungkyunkwan University School of Medicine, Seoul, *Statistics and Data Center,
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Hospital, Suwon, Korea

Background: To evaluate the association between inflammation and nutrition-based bio-
markers and postoperative outcomes after non-cardiac surgery.

Methods: Between January 2011 and June 2019, a total of 102,052 patients undergoing
non-cardiac surgery were evaluated, with C-reactive protein (CRP), albumin, and com-
plete blood count measured within six months before surgery. We assessed their
CRP-to-albumin ratio (CAR), neutrophil-to-lymphocyte ratio (NLR), platelet-to-lympho-
cyte ratio (PLR), and modified Glasgow Prognostic Score (mGPS). We determined the
best cut-off values by using the receiver operating characteristic (ROC) curves. Patients
were divided into high and low groups according to the estimated threshold, and we com-
pared the one-year mortality.

Results: The one-year mortality of the entire sample was 4.2%. ROC analysis revealed ar-
eas under the curve of 0.796, 0.743, 0.670, and 0.708 for CAR, NLR, PLR, and mGPS, re-
spectively. According to the estimated threshold, high CAR, NLR, PLR, and mGPS were
associated with increased one-year mortality (1.7% vs. 11.7%, hazard ratio [HR]: 2.38, 95%
CI [2.05,2.76], P < 0.001 for CAR; 2.2% vs. 10.3%, HR: 1.81, 95% CI [1.62, 2.03], P < 0.001
for NLR; 2.6% vs. 10.5%, HR: 1.86, 95% CI [1.73, 2.01], P < 0.001 for PLR; and 2.3% vs.
16.3%, HR: 2.37,95% CI [2.07, 2.72], P < 0.001 for mGPS).

Conclusions: Preoperative CAR, NRL, PLR, and mGPS were associated with postopera-
tive mortality. Our findings may be helpful in predicting mortality after non-cardiac sur-

gery.

Keywords: Biomarkers; General surgery; Inflammation; Mortality; Nutritional status; Pa-
tient outcome assessment.

Introduction

The number of major non-cardiac surgeries performed annually is now over 300 mil-
lion cases, and they are frequently recommended for older patients in more comorbid
populations due to advancements in surgical techniques and perioperative care [1]. Post-
operative mortality imposes one of the largest mortality cause in developed countries [2],
and perioperative care remains challenging because of the additive effects of metabolic
burden from surgical stress and the frailty of patients. Therefore, it is difficult for a single

biomarker to adequately reflect perioperative risk.
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Recently, increasing evidence has indicated that combining var-
ious markers of systemic inflammatory response or nutritional
condition could better reflect clinical prognosis [3-17]. A number
of combinations using inflammation-based and nutritional bio-
markers such as C-reactive protein (CRP)-to-albumin ratio (CAR)
[10,16,17], neutrophil-to-lymphocyte ratio (NLR) [11], plate-
let-to-lymphocyte ratio (PLR) [12], and modified Glasgow Prog-
nostic Score (mGPS) [13] have been proposed to reflect poor
prognosis at higher levels. The strength of these indicators is that
they can be simply calculated using readily available blood labora-
tory tests and have been widely investigated as reliable prognostic
biomarkers. However, previous studies have tended to be con-
ducted dominantly among critical patients or those with cancer,
resulting in a paucity of data for the general surgical population.
Therefore, this study used a large cohort of consecutive patients
undergoing non-cardiac surgery and aimed to evaluate whether
CAR, NLR, PLR, and mGPS are associated with postoperative
mortality. Our findings may be helpful for clinicians to distin-
guish an accurate prognosis index and to provide individualized

therapy in relevant fields.

Materials and Methods

The Institutional Review Board (IRB) of our institution ap-
proved this study and waived the need for written informed con-
sent because we used a de-identified registry (IRB no. 2021-06-
078). The study was conducted following the Declaration of Hel-
sinki-2013, and we reported the result in accordance with the
Strengthening the Reporting of Observational Studies in Epide-

miology guidelines.

Data curation & study population

This study analyzed the data from our NoCop (Non-Cardiac
Operation, KCT 0006363) registry that contains data of 203,787
consecutive adult patients who underwent non-cardiac surgery in
our institution between January 2011 and June 2019. We generat-
ed this large, single-center, de-identified cohort by extracting data
from the institutional electronic archive system. Our institutional
electronic archive system provides an electronic system that al-
lows researchers to retrieve data from electronic medical records
in a de-identified form and is known as “Clinical Data Warehouse
Darwin-C” This system can extract medical records of more than
four million patients with more than 900 million laboratory find-
ings and 200 million prescriptions. It also provides data on mor-
tality outside the institution, updated from the National Popula-
tion Registry of the Korea National Statistical Office using a

https://doi.org/10.4097/kja.23068

Korean J Anesthesiol 2023;76(6):550-558

unique personal identification number. Based on an extracted
preoperative evaluation sheet, investigators who were blinded to
mortality collected relevant preoperative variables, including de-
mographic data and underlying diseases. In our institution, the
preoperative evaluation sheet is generated one day prior to sur-
gery and contains the most recent laboratory test results obtained
within six months prior to surgery. So, we used the most recent
results available within six months before surgery for blood labo-
ratory tests of CRP, albumin, and complete blood count (CBC)
that were automatically extracted from the electronic medical re-

cords system.

Study endpoints & definitions

The primary endpoint was mortality during the one-year fol-
low-up after surgery. The secondary endpoint was mortality
during three-year follow-up.

The mGPS was calculated from baseline CRP and albumin as
follows: score 0; CRP < 10 mg/L, score 1; CRP > 10 mg/L and al-
bumin >3.5 g/dl, and score 2; CRP > 10 mg/L and albumin < 3.5
g/dl [13]. The other prognostic indicators were determined using
the following formula: (1) NLR = absolute neutrophil count/ab-
solute lymphocyte count; (2) PLR = absolute platelet count/abso-
lute lymphocyte count; (3) CAR = CRP/albumin [18].

Statistical analysis

The categorical variables were presented as numbers with per-
centages, and continuous variables were expressed as mean *
standard deviation or median with median (Q1, Q3) as appropri-
ate. The categorical variables were compared using the Chi-square
test, and continuous variables were compared using the t-test or
the Mann-Whitney test. To estimate the optimal cut-off value of
CAR, NLR, and PLR associated with one-year mortality, receiver
operating characteristic (ROC) curve analysis was performed, and
Youden’s index was calculated. The cut-off values were deter-
mined based on the point on the ROC curve that maximized the
sum of sensitivity and specificity, as indicated by Youden’s index,
with values above this indicating a higher risk of one-year mortal-
ity. So, these cut-off values were chosen based on their ability to
distinguish between patients with a higher or lower risk of one-
year mortality. The preoperative mGPS score was divided into
three groups (0, 1, and 2), and 0 was selected as the cut-off value
[3,5]. Based on the estimated cut-off value, patients were classified
into low and high groups, and their mortalities were compared
using the Cox regression analysis. The results were reported as
hazard ratio (HR) with 95% CI. To reduce bias and achieve a bal-
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ance between the groups, we conducted adjustments with inverse
probability weighting (IPW) using the propensity score for all rel-
evant variables [19]. Through this method, weights for patients
with higher values were the inverse of the propensity score, and
weights for patients with lower values and standardized mean dif-
ference less than 10% were considered balance between the
groups. In addition, we performed a sensitivity analysis by con-
ducting subgroup analysis for postoperative treatment such as
postoperative intensive care treatment, transfusion, and dialysis,
as these factors could also affect mortality. Kaplan-Meier curves
were generated for mortalities and compared with the log-rank
tests. Based on the sample size, the power of our analysis was 0.99
when the HR was greater than 1.1 [20]. All statistical analysis in
this study was performed by R 4.2.0 (Vienna, Austria; http://www.
R-project.org/). All tests were two-tailed, and a P value less than

0.05 was considered statistically significant.

Results

This study demonstrated the associations between preoperative
inflammatory and nutrition-based markers and mortality after
non-cardiac surgery. From a total of 203,787 patients in the
SMC-NoCop registry, we excluded 101,735 without fully available
CRP, albumin, and CBC results six months before surgery. Finally,
102,052 (50.1%) patients were enrolled for analysis. The baseline
characteristics of the patients according to one-year mortality are
summarized in Table 1. The median durations from blood labora-

tory tests to surgery were 11.5 (median 1.7, 23.4) days for CAR

and 10.3 (median 1.4, 21.3) for complete blood cell counts that
were used to estimate NLR and PLR. Of the 102,052 patients,
there were 4,240 (4.2%) who exhibited one-year mortality. These
patients were older, male dominant, and had a higher prevalence
of most comorbidities. They also experienced more emergencies
and underwent intermediate to high-risk surgeries. Preoperative
median values of CAR, NLR, PLR, and number of patients with
mGPS > 0 were higher in patients with one-year mortality.

We generated the ROC curve for each index, and the area un-
der the curve of CAR, NLR, PLR, and mGPS were 0.796, 0.743,
0.670, and 0.708, respectively (Fig. 1). Based on the maximum
Youden’s index, the optimal cut-off threshold values of CAR,
NLR, and PLR were 0.76, 2.78, and 11.70 for one-year mortality,
respectively. According to these calculated cut-off values, patients
were classified into low and high groups: 76,732 (75.2%) vs.
25,320 (24.5%) for CAR; 77,129 (75.6%) vs. 24,923 (24.4%) for
NLR; 82,228 (80.6%) vs. 19,824 (19.4%) for PLR; and 88,740
(87.0%) vs. 13,312 (13.0%) for mGPS (0 vs. 1-2). The baseline
characteristics are compared according to these values in Supple-
mentary Tables 1-4. In all types of inflammatory indices, the high
groups exhibited higher values and greater incidence of relevant
risk factors. The Kaplan-Meier curves displaying survival rates at
one-year after surgery according to inflammatory index are
shown in Fig. 2. After an adjustment for the IPW technique, high
CAR, NLR, PLR, and mGPS groups were significantly associated
with increased risk of one-year mortality (1.7% vs. 11.7%, HR:
2.38,95% CI [2.05, 2.76], P < 0.001 for CAR; 2.2% vs. 10.3%, HR:
1.81,95% CI [1.62, 2.03], P < 0.001 for NLR; 2.6% vs. 10.5%, HR:

Table 1. Baseline Characteristics according to Mortality during One-year Follow-up

Variable No mortality (n = 97,812) Mortality (n = 4,240) P value
CAR 0.19 (0.08, 0.65) 294 (051, 12.71) < 0.001
NLR 1.83 (1.34, 2.66) 3.45 (2.07, 6.50) < 0.001
PLR 7.48 (5.71,10.28) 11.41 (6.97, 19.87) < 0.001
mGPS < 0.001
0 86676 (88.6) 2064 (48.7)
1 8482 (8.7) 1053 (24.8)
2 2654 (2.7) 1123 (26.5)
CRP (mg/L) 0.8 (0.3,2.8) 109 (2.1,43.6) < 0.001
Albumin (g/dl) 44 (4.1,4.6) 3.8(3.3,42) < 0.001
Neutrophil (%) 57.9 (509, 65.7) 68.8 (58.9, 78.9) < 0.001
Lymphocyte (%) 31.7 (24.6,38.3) 19.9 (11.9, 28.6) < 0.001
Platelet (cells/pl) 235K (196K, 277K) 227K (159K, 294K) < 0.001
M 48322 (49.4) 2750 (64.9) < 0.001
Age (yr) 558 + 153 625 + 13.1 < 0.001
Body mass index (kg/m?) 243 + 3.7 226 + 35 < 0.001
(Continued to the next page)
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Table 1. Continued

Variable No mortality (n = 97,812) Mortality (n = 4,240) P value
ASA physical classification < 0.001
I 33721 (34.5) 403 (9.5)
1I 55818 (57.1) 2587 (61.0)
I 7858 (8.0) 997 (23.5)
v 398 (0.4) 145 (3.4)
\% 17 (0.0) 108 (2.5)
Habitual risk factor
Current alcohol 19666 (20.1) 494 (11.7) < 0.001
Current smoking 8308 (8.5) 281 (6.6) < 0.001
Previous disease
Hypertension 30837 (31.5) 1465 (34.6) < 0.001
Diabetes 13959 (14.3) 908 (21.4) < 0.001
Chronic kidney disease 2569 (2.6) 150 (3.5) < 0.001
Dialysis 725 (0.7) 64 (1.5) < 0.001
Stroke 2818 (2.9) 225 (5.3) < 0.001
Coronary artery disease 2738 (2.8) 152 (3.6) < 0.001
Heart failure 466 (0.5) 47 (1.1) < 0.001
Arrhythmia 1936 (2.0) 195 (4.6) < 0.001
Peripheral artery disease 429 (0.4) 23(0.5) 0.384
Aortic disease 506 (0.5) 43 (1.0) < 0.001
Valvular heart disease 192 (0.2) 11 (0.3) < 0.001
Chronic obstructive pulmonary disease 2328 (2.4) 191 (4.5) < 0.001
Preoperative blood laboratory tests
Hemoglobin (g/dl) 133+ 1.8 11.7 + 1.7 < 0.001
Creatinine (mg/dl) 1.0 + 1.0 1.0 £ 09 0.081
Operative variables
General anesthesia 78621 (80.4) 3793 (89.5) < 0.001
Emergency operation 7421 (7.6) 1100 (25.9) < 0.001
Operation duration (min) 134.5 + 100.6 166.7 + 143.9 < 0.001
Intraoperative transfusion 4190 (4.3) 740 (17.5) < 0.001
Intraoperative inotropics infusion 10120 (10.3) 1126 (26.6) < 0.001
Surgical risk
Mild 28243 (28.9) 651 (15.4) < 0.001
Intermediate 64402 (65.8) 2892 (68.2) 0.002
High 5167 (5.3) 697 (16.4) < 0.001
Surgery types
Neuroendocrine 747 (0.8) 7(0.2)
Lung 8187 (8.4) 679 (16.0)
Head & neck 12514 (12.8) 847 (20.0)
Breast 1167 (1.2) 12 (0.3)
Stomach 1336 (1.4) 128 (3.0)
Hepatobiliary 6662 (6.8) 542 (12.8)
Colorectal 12442 (12.7) 610 (14.4)
Urology 12308 (12.6) 351 (8.3)
Gynecology 7813 (8.0) 80(1.9)
Bone, skin, etc. 34636 (35.4) 984 (23.2)

Values are presented as median (Q1, Q3), number (%) or mean + SD. Surgical risk was stratified according to the 2014 European Society of
Cardiology/European Society of Anesthesiology guidelines. CAR: CRP-to-albumin ratio, NLR: neutrophil-to-lymphocyte ratio, PLR: platelet-to-
lymphocyte ratio, mGPS: modified Glasgow Prognostic Score, CRP: C-reactive protein, ASA: American Society of Anesthesiologists.
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Fig. 1. Receiver-operating curve (ROC) plots for the associations of C-reactive protein-to-albumin ratio (CAR), neutrophil-to-lymphocyte ratio

(NLR), platelet-to-lymphocyte ratio (PLR), and modified Glasgow Prognostic Score (mGPS) with one-year mortality and the optimal threshold
estimated using Youden’s index with 95% CI. AUC: under the curve.
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Fig. 2. Kaplan-Meier curves for one-year mortality according to (A) C-reactive protein-to-albumin ratio (CAR) > 0.76, (B) neutrophil-to-

lymphocyte ratio (NLR) > 2.78, (C) platelet-to-lymphocyte ratio (PLR), > 11.70, and (D) modified Glasgow Prognostic Score (mGPS) (0/1 or 2).
HR: hazard ratio.

554 https://doi.org/10.4097/kja.23068


https://doi.org/10.4097/kja.23068

Korean J Anesthesiol 2023;76(6):550-558

Table 2. Mortality according to Estimated Threshold of CAR > 0.76, NLR > 2.78, PLR > 11.70, and mGPS > 0

. Unadjusted analysis TPW analysis

Markers Low group High group
HR (95% CI) P value HR (95% CI) P value

CAR > 0.76 N = 76,732 N = 25,320
One-year mortality 1275 (1.7) 2965 (11.7) 7.54 (7.06, 8.05) < 0.001 2.38(2.05,2.76) < 0.001
Three-year mortality 3249 (4.2) 4797 (18.9) 4.95(4.73,5.17) < 0.001 2.15(1.97,2.34) < 0.001

NLR > 2.78 N = 77,129 N = 24,923
One-year mortality 1665 (2.2) 2575(10.3) 5.08 (4.77, 5.40) < 0.001 1.81(1.62,2.03) < 0.001
Three-year mortality 3933 (5.1) 4113 (16.3) 3.51(3.37,3.68) < 0.001 1.71 (1.60, 1.84) < 0.001

PLR > 11.70 N = 82,228 N = 19,824
One-year mortality 2168 (2.6) 2072 (10.5) 4.18 (3.94, 4.44) < 0.001 1.86 (1.73, 2.01) < 0.001
Three-year mortality 4685 (5.7) 3361 (17.0) 3.24(3.10, 3.39) < 0.001 1.81 (1.72, 1.92) < 0.001

mGPS > 0 N = 88,740 N = 13,312
One-year mortality 2064 (2.3) 2176 (16.3) 7.79 (7.34, 8.28) < 0.001 2.37(2.07,2.72) < 0.001
Three-year mortality 4824 (5.4) 3222 (24.2) 5.16 (4.94, 5.40) < 0.001 2.11(1.92,2.32) < 0.001

Values are presented as number (%). CAR: CRP-to-albumin ratio, NLR: neutrophil-to-lymphocyte ratio, PLR: platelet-to-lymphocyte ratio, nGPS:
modified Glasgow Prognostic Score, IPW: inverse probability weighting, HR: hazard ratio.

1.86; 95% CI [1.73, 2.01], P < 0.001 for PLR; and 2.3% vs. 16.3%,
HR: 2.37, 95% CI [2.07, 2.72], P < 0.001 for mGPS) (Table 2).
This relationship persisted for three-year mortality (4.2% vs.
18.9%, HR: 2.15, 95% CI [1.97, 2.34], P < 0.001 for CAR; 5.1% vs.
16.3%, HR: 1.71, 95% CI [1.60, 1.84], P < 0.001 for NLR; 5.7% vs.
17.0%, HR: 1.81, 95% CI [1.72, 1.92], P < 0.001 for PLR; and 5.4%
vs. 24.2%, HR: 2.11, 95% CI [1.92, 2.32], P < 0.001 for mGPS). In
subgroup analysis, we did not observe a significant interaction for
the association between mortality and the estimated threshold of
each index (Table 3).

Discussion

This study demonstrated an association between preoperative
CAR, PLR, NLR, and mGPS and postoperative mortality after
non-cardiac surgery. Patients with higher values than the estimat-
ed thresholds exhibited an increased risk of mortality after statis-
tical adjustment. These indicators showed a fair ability to predict
postoperative one-year mortality, and CAR showed the best pre-
dictive performance.

Inflammation and nutritional impairment are associated with
increased adverse outcomes in various clinical settings. Although
combinations of inflammatory or nutrition-related markers have
been widely evaluated to demonstrate this relationship, few stud-
ies have investigated the associations in surgical populations. In
patients anticipating scheduled surgery, the presence of infection,
comorbidities, and malnutrition could induce inflammation and
deterioration of nutritional status [21-24]. Therefore, we hypoth-

esized that preoperative inflammation and nutritional state could

https://doi.org/10.4097/kja.23068

predict postoperative outcomes in patients undergoing non-car-
diac surgery. In this study, we conducted a comprehensive analysis
of the previously reported combinations of inflammatory or nu-
trition-related markers and demonstrated a significant relation-
ship with mortality after non-cardiac surgery during one-year fol-
low-up.

The predictive performance for one-year mortality shown in
the ROC curves was higher for CAR compared with NLR and
PLR. CAR is a novel and promising biomarker that is calculated
as the ratio of serum CRP and albumin levels. CRP is a major in-
dicator of an acute-phase inflammatory response, and hypoalbu-
minemia indicates malnutrition as well as the severity of inflam-
mation and disease progression [24,25]. In surgical patients, the
pre-existing inflammatory condition could exacerbate malnutri-
tion and markedly augment inflammatory response to surgical
injuries [26] that could have directly affected mortality. By com-
bining these two indicators, CAR seems to appropriately reflect
both inflammatory and nutritional statuses in the preoperative
period. This well explains our result that CAR exhibited higher
predictive value compared with other biomarkers based only on
inflammatory cell count.

The mGPS uses the same laboratory variables as CAR but strat-
ifies patients into a certain number instead of providing a value as
a continuous variable. It is also known as one of the most effective
biomarkers for predicting prognosis. Numerous studies simulta-
neously investigated the prognostic values of mGPS and CAR for
cancer patients and showed comparable predictive performances
[5,7,27]. According to our analysis, CAR demonstrated a slightly

better predictive value for postoperative mortality compared to
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Table 3. Subgroup Analysis according to Postoperative Treatment on Association between One-year Mortality and the Estimated Threshold of CAR >

0.76, NLR > 2.78, PLR > 11.70, and mGPS > 0

i P value for
Markers Low group High group HR (95% CI) P value E———
CAR > 0.76
No intensive care treatment 65586 (77.1) 19440 (22.9) 8.44(7.76,9.18) < 0.001 < 0,001
Intensive care treatment 11146 (65.5) 5880 (34.5) 4.81 (4.33,5.35) < 0.001
No postoperative transfusion 67070 (77.5) 19478 (22.5) 6.52 (6.02, 7.06) < 0.001 < 0,001
Postoperative transfusion 9662 (62.3) 5842 (37.7) 7.10 (6.29, 8.00) < 0.001
No postoperative dialysis 76557 (75.3) 25094 (24.7) 7.56 (7.08, 8.07) < 0.001 0.081
Postoperative dialysis 175 (43.6) 226 (56.4) 2.95 (1.46,5.97) 0.003
NLR > 2.78
No intensive care treatment 65619 (77.2) 19407 (22.8) 5.29 (4.89, 5.72) < 0.001 < 0,001
Intensive care treatment 11510 (67.6) 5516 (32.4) 3.81(3.44,4.21) < 0.001
No postoperative transfusion 67050 (77.5) 19498 (22.5) 4.65(4.31,5.03) < 0.001 < 0,001
Postoperative transfusion 10079 (65.0) 5425 (35.0) 4.36 (3.92,4.84) < 0.001
No postoperative dialysis 77010 (75.8) 24641 (24.2) 5.08 (4.78, 5.41) < 0.001 0.075
Postoperative dialysis 119 (29.7) 282 (70.3) 1.96 (0.91,4.22) 0.081
PLR > 11.70
No intensive care treatment 69372 (81.6) 15654 (18.4) 4.64 (4.30,5.01) < 0.001 050
Intensive care treatment 12856 (75.5) 4170 (24.5) 3.00 (2.72,3.31) < 0.001
No postoperative transfusion 70968 (82.0) 15580 (18.0) 4.26 (3.95, 4.60) < 0.001 < 0.001
Postoperative transfusion 11260 (72.6) 4244 (27.4 3.09 (2.08, 3.41) < 0.001
No postoperative dialysis 81977 (80.6) 19674 (19.4 4.20 (3.95, 4.46) < 0.001 0.664
Postoperative dialysis 251 (62.6) 150 (37.4 1.78 (0.99, 3.21) 0.062
mGPS > 0
No intensive care treatment 75229 (88.5) 9797 (11.5 9.02 (8.35,9.74) < 0.001 < 0,001
Intensive care treatment 13511 (79.4) 3515 (20.6 4.59 (4.16, 5.06) < 0.001
No postoperative transfusion 76918 (88.9) 9630 (11.1 6.90 (6.39, 7.45) < 0.001 < 0,001
Postoperative transfusion 11822 (76.3) 3682 (23.7 6.33(5.73,7.01) < 0.001
No postoperative dialysis 88482 (87.0) 13169 (13.0 7.82(7.36,8.31) < 0.001 0.054
Postoperative dialysis 258 (64.3) 143 (35.7) 3.23(1.76,5.92) 0.002

Values are presented as nunber (%). CAR: CRP-to-albumin ratio, NLR: neutrophil-to-lymphocyte ratio, PLR: platelet-to-lymphocyte ratio, nGPS:

modified Glasgow Prognostic Score, HR: hazard ratio.

mGPS. This seems to be owing to the difference in our population
that the majority (87%) of patients had mGPS of 0, with only 13%
of patients having mGPS values of 1 or 2. This low prevalence of
mGPS of 1 and 2 that is associated with poor prognosis could
have reduced the discrimination power of mGPS in our cohort.
On the other hand, considering that CAR can further classify pa-
tients with mGPS of 0 into good and poor prognosis groups, CAR
may be a more sensitive marker for predicting postoperative mor-
tality in relatively healthier populations compared to cancer pa-
tients. Further research is required for a better understanding of
the role of inflammation and nutrition-based markers in relation
to mortality after non-cardiac surgery.

The following limitations should be acknowledged when inter-

preting our results. This is a single-center retrospective study, and
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residual confounding factors may have affected our results despite
proper statistical adjustments. Second, preoperative CRP, albu-
min, and blood cell counts were selectively obtained. This may
have caused a selection bias. Third, the best cut-off values of the
markers varied in published reports, potentially weakening the
clinical application and generalization of our results. The optional
cut-off in non-cardiac surgery has yet to be universally established
and must be verified in multicenter and larger cohort studies.
Last, our study could not determine whether an improvement in
inflammatory and nutritional markers is helpful for postoperative
mortality. Future studies are necessary to propose an adequate in-
tervention for patients with high inflammatory and nutritional
markers.

Despite these limitations, our study demonstrated associations

https://doi.org/10.4097/kja.23068
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between preoperative inflammation and nutrition-based markers
and postoperative mortality after non-cardiac surgery.

Our study suggests that these indicators could be considered in
predicting the long-term prognosis of non-cardiac surgery, and
CAR may be the most useful marker. These results may lead to
future studies on therapeutic interventions for those with elevated
inflammation and nutrition-related biomarkers.

In conclusion, preoperative CAR, NRL, PLR, and mGPS were
associated with postoperative mortality after non-cardiac surgery.
These inflammation and nutrition-based markers may be helpful
in predicting postoperative mortality after non-cardiac surgery.

Further extensive studies are warranted to confirm our results.
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Does intravenous patient-controlled
analgesia or continuous block prevent
rebound pain following infraclavicular
brachial plexus block after distal
radius fracture fixation? A prospective
randomized controlled trial

Jong-hyuk Lee"’, Ha-jung Kim"', Jae Kwang Kim’,
Sungjoo Cheon’, Young Ho Shin®

Departments of ' Anesthesiology and Pain Medicine, *Orthopedic Surgery, Asan Medical
Center, University of Ulsan College of Medicine, Seoul, Korea

Background: The purpose of this study was to investigate the role of opioid-based intrave-
nous patient-controlled analgesia (IV PCA) or continuous brachial plexus block (BPB) in
controlling rebound pain after distal radius fracture (DRF) fixation under BPB as well as
total opioid consumption.

Methods: A total of 66 patients undergoing surgical treatment for a displaced DRF with
volar plate fixation were randomized to receive a single infraclavicular BPB (BPB only
group) (n = 22), a single infraclavicular BPB with IV PCA (IV PCA group) (n = 22), or a
single infraclavicular BPB with continuous infraclavicular BPB (continuous block group)
(n = 22). The visual analog scale (VAS) for pain and the amount of pain medication were
recorded at 4, 6, 9, 12, 24, and 48 h and two weeks postoperatively.

Results: At postoperative 9 h, the pain VAS score was significantly higher in the BPB only
group (median: 2; Q1, Q3 [1, 3]) than in the IV PCA (0 [0, 1.8], P = 0.006) and continuous
block groups (0 [0, 0.5], P = 0.009). At postoperative 12 h, the pain VAS score was signifi-
cantly higher in the BPB only group (3 [3, 4]) than in the continuous block group (0.5 [0,
3], P = 0.004). The total opioid equivalent consumption (OEC) was significantly higher in
the IV PCA group (350.3 [282.1, 461.3]) than in the BPB only group (37.5 [22.5, 75], P <
0.001) and continuous block group (30 [15, 75], P < 0.001); however, OEC was not signifi-
cantly different between the BPB only group and the continuous block group (P = 0.595).
Conclusions: Although continuous infraclavicular BPB did not reduce total opioid con-
sumption compared to BPB only, this method is effective for controlling rebound pain at
postoperative 9 and 12 h following DRF fixation under BPB.

Keywords: Brachial plexus blockade; Breakthrough pain; Catheters; Distal radius fracture;
Patient-controlled analgesia; Regional anesthesia.

Introduction

Distal radius fractures (DRFs) account for up to 15% of all extremity fractures [1].
Open reduction and internal fixation using volar locking anatomical plate and screws is
the most frequently performed surgical procedure [2,3]. Poor pain control in the acute
postoperative period is associated with patient dissatisfaction after operation [4].

Operative treatments of extremity fractures under regional anesthesia have several ad-
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vantages as compared with general anesthesia, including muscle
relaxation and analgesia in the acute postoperative period without
the requirement of tracheal intubation that is relevant to patients
with underlying lung diseases. Some studies reported that it could
prevent postoperative nausea and vomiting and shorten the
post-anesthesia care unit (PACU) stay duration [4-6]. In the op-
erative treatment of DRFs, regional anesthesia is better than gen-
eral anesthesia in reducing postoperative pain and pain medica-
tion use [7,8].

Despite the advantages of regional anesthesia, patient dissatis-
faction may be attributed to severe pain after the regional anes-
thesia wears off that is known as “rebound pain”[9]. Rebound
pain typically occurs in the 8 to 24 h postoperative period and is
often treated with preemptive oral pain medication [10,11]. How-
ever, as the timing and intensity of rebound pain are different
among individuals, oral medication may not control the pain
properly or may cause opioid-related complications due to over-
use [4]. Intravenous patient-controlled analgesia (IV PCA) and
continuous regional block with an infusion pump would be alter-
native methods for controlling rebound pain; however, limited
studies have been conducted on the control of rebound pain after
regional block for DRF fixation.

The purpose of the current randomized controlled trial (RCT)
was to investigate the role of IV PCA or continuous brachial plex-
us block (BPB) in controlling rebound pain after DRF fixation

under BPB as well as total opioid consumption.

Materials and Methods
Patients

We performed a randomized controlled study at a single center
between December 2018 and April 2019. The study was approved
by our Institutional Review Board (Approval number: AMC-
2018-1335), registered at the Clinical Research Institution Service
(CRIS; Registration number: KCT0003404) and adhered to the
Consolidated Standards of Reporting Trials (CONSORT) guide-
lines. This study was also conducted in accordance with the ethi-
cal principles of the Helsinki Declaration 2013. All patients who
underwent treatment for a displaced DRF with volar plate fixation
(fracture type A, B, or C according to the AO Foundation/Ortho-
paedic Trauma Association classification system, as examined on
radiographs) were assessed for eligibility. The inclusion criteria
were age of 18-79 years and the occurrence of DRF within two
weeks prior to surgery. The exclusion criteria included a concom-
itant ulnar fracture proximal to the base of the styloid process; a

complex distal radial fracture requiring additional fixation or
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bone graft; previous ipsilateral wrist or hand dysfunction; previ-
ous pain disorder; concomitant nerve, tendon, or skin injury in
the fractured wrist; concomitant injury at other sites requiring ad-
ditional surgery and/or pain medication; ongoing drug or alcohol
abuse; severe psychiatric disorder; or systemic inflammatory dis-
eases. Patients who met all the inclusion and exclusion criteria
were informed about the study and offered to participate in the
study by an orthopedic surgeon. After written consent was ob-
tained, the patients were randomized to receive a single infracla-
vicular BPB (BPB only group), a single infraclavicular BPB with
opioid-based IV PCA (IV PCA group), or a single infraclavicular
BPB with continuous infraclavicular BPB (continuous block
group) through block randomization (n = 6) using sequentially

numbered closed opaque envelopes (Fig. 1).

Interventions

All anesthetic and surgical interventions were performed with
standardized protocols. All peripheral nerve block procedures
were performed under ultrasonography guidance (Logiq P9; GE
Healthcare, USA) by two anesthesiologists with more than five
years of experience with peripheral nerve block. After the confir-
mation of the posterior cord with electrical stimulation, 0.4 to 0.6
ml/kg of the prepared 0.375% ropivacaine, consisting of a mixture
of 20 ml 0.75% ropivacaine (Kabiropivacaine; Fresenius Kabi,
Norway) and 20 ml normal saline, was administered to all the pa-
tients. In the continuous block group, echogenic cathe-
ter-over-needle (E-Cath PLUS; PAJUNK, Germany) was used.
After the single-block procedure, the needle was removed, and
the tip of the catheter remained between the axillary artery and
the posterior cord. The catheter was secured to the skin with ad-
hesive tapes when it was properly positioned. The sensory and
motor blockades of the patients were evaluated 30 min after the
BPB procedure. After confirmation of a successful block, a dose of
1 pg/kg intravenous dexmedetomidine was loaded over 10-15
min, followed by a continuous infusion of 0.5-1.0 pug/kg/h until
the end of the operation.

For the IV PCA group, the analgesic was prepared with a mix-
ture of fentanyl citrate (Hana Pharmacy, Korea) and normal sa-
line. The total volume was set to 100 ml; however, the fentanyl ci-
trate dose was determined based on each patient’s body weight as
follows: < 50 kg, 1000 pg; 50-70 kg, 1200 pg; > 70 kg, 1500 pg.
The PCA pump (AutoMed 3200, Ace Medical, Korea) was set for
a basal rate of 1 ml/h, a bolus dose of 1 ml, and a locking time of
15 min. For the continuous block group, 250 ml 0.15% ropiva-
caine, consisting of a mixture of 50 ml 0.75% ropivacaine and 200

ml normal saline, was administered as follows: a basal rate of 5
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(180 patients)

Assessed for eligibility 181 wrists

Treated by other surgeons: 48 wrists

A4

> Not meeting criteria: 50 wrists
Refused to participate: 17 wrists

Randomization 66 wrists
(66 patients)

A4 A4

A4

Group A Group B
Single BPB only 22 wrists Single BPB+ IV PCA 22 wrists
(22 patients) (22 patients)

Group C
Single BPB + continuous
infraclavicular BPB 22 wrists

A4 A4

(22 patients)

Catheter was pulled out:
v 2 wrists

Postoperative 2 weeks 22 wrists
(22 patients)

Postoperative 2 weeks 22 wrists
(22 patients)

Postoperative 2 weeks 20 wrists

(20 patients)

Fig. 1. Flowchart of patient enrollment. BPB: brachial plexus block, IV PCA: intravenous patient-controlled analgesia.

ml/h, a bolus dose of 5 ml, and lockout time of 30 min. The infu-
sion pump was started just before the end of the operation in both
groups.

The patients underwent surgery with a volar Henry approach
to the distal part of the radius, followed by open reduction and in-
ternal fixation with a single volar locking plate (Synthes, Switzer-
land). All operations were performed by a fellowship-trained or-
thopedic surgeon. Until two weeks postoperatively, a volar short
arm splint was applied.

Postoperatively, the patients were monitored in the PACU for
1-2 h and transferred to the general ward. The patients were in-
structed to call a nurse for pain medication (1-2 pills of 5 mg of
oxycodone hydrochloride [HCL]) every 4-6 h as needed. The
pain level was measured by an on-duty nurse with a visual analog
scale (VAS; 0 to 10) at 4, 6, 9, 12, 24, and 48 h after surgery. When
the timing of pain measurement and medication requirement
were similar, pain was measured just before taking medication. IV
PCA or infusion pump for continuous BPB was discontinued at
48 h after surgery. If the pump was empty before 48 h, it was dis-
continued before 48 h. In addition, when hand motor paralysis
persisted over 24 h in the continuous block group, the catheter
was removed before 48 h to prevent hand stiffness. The patients
were discharged on the third day after the operation with 30 pills
of 5 mg oxycodone HCL and were instructed to take 1-2 pills ev-
ery 4-6 h as needed. They were followed up at two weeks after
operation for stitches out with an assessment of the pain level and

the amount of medication taken.

https://doi.org/10.4097/kja.23076

Methods of assessment

The primary outcome was pain as measured with a VASat 12 h
after operation. The secondary outcome was the total opioid
equivalent consumption (OEC) during the two weeks after opera-
tion. The VAS score for pain and the amount of pain medication
were recorded at 4, 6, 9, 12, 24, and 48 h and two weeks after the
operation. The total amount of infused IV PCA or continuous
BPB for 48 h after operation and total opioid consumption for two
weeks after operation were assessed. All opioid analgesics were
converted to opioid equivalents (milligrams of oral morphine).

Any postoperative analgesia-related complications were evaluated.

Statistical analysis

To determine the statistical power, the VAS score for pain at 12 h
after surgery was used as the primary outcome variable. In a pilot
study of 15 patients (five patients in each group), the mean VAS
score for pain was 5.2 + 2.3 in the BPB only group, 3.2 + 1.1 in the
BPB with IV PCA group, and 4.0 + 2.2 in the continuous block
group at 12 h after operation. On the basis of these results, a power
analysis revealed that a sample size of 20 patients per group would
provide 80% statistical power to detect this effect size between the
groups (alpha = 0.05, beta = 0.20) with analysis of variance. To
account for a possible follow-up loss of 10%, we aimed to enroll 22
patients in each group (a total sample size of 66 patients).

The characteristics of the patients, including age and body mass
index, VAS score for pain and oral medication at each time point,

and total opioid consumption, were determined using the Krus-
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kal-Wallis test. The Mann-Whitney U test was used for the post
hoc analysis of between-group comparisons to allow for the num-
ber of comparisons performed (three comparisons for each vari-
able). The sex ratio, American Society of Anesthesiologists classi-
fication, and fracture type distribution of the patients were com-
pared using the Fisher’s exact test.

Results
Patient enrollment

A total of 181 wrists (180 patients) were assessed for eligibility
during the study period; 66 wrists (66 patients) were included in
the study and randomized to the BPB only (22 wrists), IV PCA
(22 wrists), or continuous block group (22 wrists). The baseline
characteristics are presented in Table 1. Among the three groups,
the patients in the continuous block group were significantly
younger; however, this was not statistically significant in the post
hoc analysis of the between-group comparisons.

Two patients in the continuous block group were excluded be-
cause the infusion pump did not function properly due to cathe-
ter migration within 12 h after operation. One patient in the BPB
only group required additional intravenous opioid analgesia after
oral medication and two patients in the BPB only group and an-
other two patients in the continuous block group required addi-
tional oral oxycodone HCL administration after taking 10 mg of
oral oxycodone HCL between 9 and 12 h after operation. These
five patients were included in the analysis. Finally, 64 patients

completed the follow-up until two weeks postoperatively.

Postoperative pain

At 9 h after operation, the VAS score for pain was significantly

higher in the BPB only group (median: 2; Q1, Q3 [1, 3]) than in
the IV PCA (0 [0, 1.8], P = 0.006) and continuous block groups
(0 [0, 0.5], P = 0.009). At 12 h after operation, the VAS score for
pain was significantly higher in the BPB-only group (3 [3, 4])
than in the continuous block group (0.5 [0, 3], P = 0.004). The
median pain scores at other time points did not differ significant-
ly among the three groups (Fig. 2 and Supplementary Table 1).

Postoperative OEC

From 9 to 12 h after operation, the OEC was significantly high-
er in the BPB only group (7.5 [7.5, 13.1]) than in the IV PCA (0 [0,
5.6], P = 0.001) and continuous block groups (0 [0, 1.9], P =
0.013) (Fig. 3). From 48 h to two weeks after operation, the OEC
was significantly higher in the IV PCA group (48.8 [16.9, 103.1])
than in the BPB only (0 [0, 28.1], P = 0.003) and continuous
block groups (11.3 [0, 39.4], P = 0.010). The total OEC including
IV PCA during two weeks after operation was significantly higher
in the IV PCA group (350.3 [282.1, 461.3]) than in the BPB only
(37.5 [22.5,75], P < 0.001) and continuous block groups (30 [15,
75], P < 0.001). The total OEC was not significantly different be-
tween the BPB only and the continuous block groups (P = 0.595,
Supplementary Table 2).

Complications

Two patients in the IV PCA group (9.1% of 22 patients) experi-
enced nausea and vomiting from 12 to 24 h after the operation
and IV PCA was stopped for a few hours after taking an an-
ti-emetic medication. One patient (5.0% of 20 patients) in the
continuous block group had constipation, and a laxative was pre-
scribed. Seven patients in the continuous block group (35.0% of

20 patients) had motor paralysis persisting over 24 h after opera-

Table 1. Baseline Information of the Patients Randomized to the BPB Only, IV PCA, and Continuous Block Groups

All

BPB only group

IV PCA group Continuous block group

Baseline information (n = 66) (n = 22) (n = 22) (n = 22) P value
Age (yr) 63 (57, 70) 62 (57, 66.5) 67 (62,73.8) 59 (46.8, 63.8) 0.030*
BMI (kg/m’) 23.9(22.0,25.9) 23.8(21.8,25.9) 23.6(21.9, 25.5) 24.6 (22.1,26.4) 0.636
Sex (F) 52(78.8) 15 (68.2) 19 (86.4) 18 (81.8) 0.414
Time between injury and 5(3,7) 5(4,6.8) 6(2,10.3) 5(3.3,6) 0.792
operation (d)
ASA classification (1/2/ 3)T 12/49/5 6/14/2 1/19/2 5/16/1 0.257
Fracture type (A/B/C)* 3/11/52 1/5/16 1/3/18 1/3/18 0.946

Values are presented as median (Q1, Q3), number (%) or number of patients. BPB: brachial plexus block, IV PCA: intravenous patient-controlled
analgesia, BMI: body mass index, ASA: American Society of Anesthesiologists. *P value < 0.05 is considered significant. 'Classification of the
patients’ health and comorbidity levels according to the ASA system. *Fracture classification according to the AO Foundation/Orthopedic Trauma

Association system.
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Fig. 2. Box plot showing the median VAS score for pain in the two-week postoperative period for 66 patients randomized to the following groups:
BPB (BPB only group), single infraclavicular BPB with IV PCA (IV PCA group), and single infraclavicular BPB with continuous infraclavicular
BPB (continuous block group). BPB: brachial plexus block, IV PCA: intravenous patient-controlled analgesia, VAS: visual analog scale. The
horizontal bar indicates the median, and the upper bound indicates the third quartile. *P < 0.017.

[ BPB only
20
& IV PCA
[l Continuous block *
*
15 4
=
E
= 101
[NE}
o
5 .
0 T T -[ T T —
0-4h 4-6h 6-9 h 9-12h 12-24 h 24-48 h
P =1.000 P =0.385 P=0.728 P =0.001 P =0.426 P=0.572

Postoperative period

Fig. 3. Box plot showing the oral OEC in the 48 h postoperative period for 66 patients randomized to the following groups: BPB (BPB only group),
single infraclavicular BPB with intravenous patient-controlled analgesia IV PCA (IV PCA group), and single infraclavicular BPB with continuous
infraclavicular BPB (continuous block group). BPB: brachial plexus block, IV PCA: intravenous patient-controlled analgesia, OEC: opioid
equivalent consumption. The horizontal bar indicates the median, and the upper bound indicates the third quartile. *P < 0.017.
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tion, and the catheter was removed before 48 h after operation.
They were encouraged to perform active-assisted range-of-mo-
tion exercise for all fingers and did not have hand stiffness at two
weeks after operation.

Discussion

Rebound pain could be controlled by timed pain medication in
the wear-off period of regional anesthesia; however, correctly
timed pain medication at an appropriate level is difficult for several
reasons. First, the timing of rebound pain varies even with the
same type of operation, for example, 12-24 h for extremity fracture
fixation [9,12], and 1-2 days for shoulder arthroscopy [13]. In ad-
dition, depending on the operation time and patient condition, the
duration of regional block would be changed [12]. Second, patients
are often reluctant to take pain medications especially opioids
when they are not yet in pain [12]. Third, the extent of rebound
pain varies among patients who underwent the same procedure.
After DRF fixation under BPB, one study reported a median VAS
score for pain of 3 with an IQR of 3, but another study described a
mean VAS score for pain of 5.5 with a SD of 2.4 at the same time
point (24 h after operation) [7,8]. Therefore, the amount of pain
medication required is not predictable, and inadequate prediction
could lead to the abuse or overdose of pain medication without the
proper pain management. This RCT revealed that instead of oral
pain medication, continuous infraclavicular BPB reduced the in-
tensity and duration of rebound pain in the wear-off period of BPB
and had a total OEC similar to that in BPB only.

The role of continuous block for the control of rebound pain
after regional block was demonstrated in various extremity sur-
geries. Continuous interscalene block showed better pain control
and a lesser requirement of pain medication than single block in
shoulder surgery in several RCTs [14-16]. After anterior cruciate
ligament reconstruction, continuous femoral nerve block showed
longer pain-free time and lesser rebound pain than single block
[17]. In an RCT for patients with ankle fracture fixation, continu-
ous popliteal sciatic nerve block showed lesser rebound pain and
opioid consumption than single block [12]. However, in an RCT
for patients with DRF fixation, postoperative pain was not signifi-
cantly different between the continuous infraclavicular block and
the single block [9]. Several limitations existed in the previous
RCT to consider it as a final report about the effect of continuous
block in patients with DRF fixation. Randomization between the
continuous and single blocks was partial due to logistical barriers,
pain medication in the PACU was not recorded, and pain scores
were recorded by the patients themselves that means the pain

score at the current time point could be influenced by the numer-
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ical value at previous time points.

Catheter migration could occur both in the lower and upper
extremities and is an obstacle for the clinical use of continuous
block. After continuous popliteal sciatic nerve block for pain con-
trol after ankle fracture surgery, 5 of 23 patients (21.7%) experi-
enced an unintentional dislodgement of their catheter during the
early postoperative period [12]. After continuous interscalene
block for pain control after rotator cuff repair surgery, 1 of 22 pa-
tients (4.5%) experienced an accidental removal of their catheter
[18]. In our study, 2 of 22 patients (9.1%) revealed catheter migra-
tion at an unknown timing. The cause of catheter migration is
unclear [19], but temporary motor paralysis of the involved ex-
tremities that could not be patient-controlled could increase the
risk of unintentional catheter migration. Therefore, clinicians
should explain the possibility of catheter migration to the patients
and advise against vigorous movement of their extremities during
the acute postoperative period.

Delayed sensory and motor recovery after continuous block is
an inevitable complication. Several studies informed the risk of
fall in patients with continuous femoral nerve block and pressure
injury of insensate extremities [19]. Concentration, volume, and
infusion rate of continuous block could influence the preservation
of more motor function and proprioception, but the correct rela-
tionship is unclear and different depending on the anatomic loca-
tions [20]. We utilized continuous infraclavicular BPB with rela-
tively low concentration—0.15% ropivacaine—to minimize the
risk of prolonged insensation and paralysis. However, a consider-
able number of patients had motor paralysis persisting over 24 h
after operation. Patients could experience anxiety about their par-
alyzed extremity, but explanation in advance and reassurance
could relieve this anxiety. In addition, prompt catheter removal
reversed the paralysis, and acute postoperative pain was not an is-
sue after 24 h. Hand and finger stiffness could occur after paraly-
sis, but it could be controlled by active-assisted range-of-motion
exercise for all fingers and no sequelae remained in our patients.

Prescription opioid abuse is an increasing problem and has
been associated with an increase in opioid overdose-related deaths
[21,22]. Orthopedic surgeons represent the third largest group of
opioid prescribers in the United States [23], and upper extremity
surgeons tend to overprescribe opioids for postoperative pain
control [24]. Therefore, development of a protocol to control pain
after DRF fixation, which is a common procedure, with minimal
OEC is important. In this study, the IV PCA group showed sig-
nificantly lower pain VAS scores at postoperative 9 h with signifi-
cantly lower OEC between postoperative 9 and 12 h than the BPB
only group. In addition, the complication rate was lower than that

of the continuous block group. However, compared with other
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groups, more oral opioids were required after the acute postoper-
ative period between 48 h and two weeks. This phenomenon may
be attributed to prior continuous opioid infusion during the acute
postoperative period (opioid tolerance) [25].

This study has several limitations. First, all operations were per-
formed after hospitalization that may not reflect the reality of
many institutes performing DRF fixation ambulatory surgery.
However, we think that the outcome variables, including the pain
level at each time point, timing and amount of oral medication,
and infused dosage of IV PCA or continuous block, could be as-
sessed more accurately in the hospitalization setting. Second,
postoperative pain levels determined on the basis of VAS scores
are subjective and might be influenced by psychological factors
and personal experience. In addition, pain level was evaluated by
different on-duty nurses and not by a single evaluator in this
study. Third, intra-venous dexmedetomidine that was used in this
study for patient sedation could influence the acute postoperative
pain and the amount of required pain medication. Fourth, all the
study participants, including the orthopedic surgeon, anesthesiol-
ogists, duty nurses, and patients, were not blinded to the type of
additional pain control after BPB. Finally, we did not use any ad-
juvants such as dexamethasone. Several studies revealed that the
use of dexamethasone could prolong the duration of the nerve
block and reduce rebound pain [26-28]. A well-designed further
study is required to compare the effects of catheterization and
dexamethasone on rebound pain and cost-effectiveness.

In conclusion, our data suggest that continuous infraclavicular
BPB reduced the intensity and duration of rebound pain in the
wear-off period of BPB. In addition, the total OEC was similar to
that in the BPB only group. Although continuous infraclavicular
BPB did not reduce total opioid consumption compared to BPB
only, this method is effective for controlling rebound pain at post-
operative 9 and 12 h following DREF fixation under BPB.
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Quality of recovery in hospital and
disability-free survival at three months
after major abdominal surgery

Yuki Kinugasal, Mitsuru Ida', Shohei Nakatani"?,
Kayo Uyama', Masahiko Kawaguchi'

Department of Anesthesiology, 'Nara Medical University, Kashihara, *Akashi Medical Center,
Akashi, Japan

Background: The Quality of Recovery-15 (QoR-15) and 12-item World Health Organiza-
tion Disability Assessment Schedule 2.0 scales are post-surgery patient-reported outcome
measures. We aimed to evaluate the association between immediate in-hospital postopera-
tive recovery and mid-term disability-free survival (DFS) after discharge.

Methods: We conducted a prospective observational study at a university hospital and en-
rolled 260 patients aged > 65 years with cancer who were undergoing elective major ab-
dominal surgery. The association between poor postoperative recovery, defined as a QoR-
15 score < 90 on postoperative day (POD) 2, and the DFS three months later was assessed
using Fisher’s exact test. The odds ratio of poor recovery on POD 2 to DFS was calculated
using multiple logistic regression analysis adjusted for prominent factors (age, preoperative
frailty, preoperative DFS, surgical duration, and intraoperative blood loss volume).
Results: A total of 230 patients completed the 3-month follow-up. On POD 2, 27.3% of
the patients (63/230) had poor recovery. A greater number of patients without poor recov-
ery on POD 2 had DFS at three months after surgery (79.6%) than those with poor recov-
ery (65.1%) (P = 0.026). The adjusted odds ratio of poor recovery on POD 2 to DFS at
three months was 0.481 (95% CI [0.233, 0.994]).

Conclusions: Patients with poor recovery on POD 2 were less likely to have DFS three
months after abdominal surgery. These findings may allow for early and effective interven-
tions to be initiated based on each patient’s condition after abdominal surgery.

Keywords: Aged; General surgery; Neoplasms; Operative surgical procedures; Patient out-
come assessment; Postoperative complications.

Introduction

Although traditional postsurgical outcomes, such as postoperative complications and
length of hospital stay, remain important, advances in surgical and anesthetic techniques
have improved these outcomes to the degree that patient-reported outcome measures
arising directly from the patient have gained more attention [1-3].

Quality of recovery is a subjective measurement that covers the physical (pain, nausea,
and vomiting), mental (anxiety and depression), and social (return to work and support
from medical staff) domains. Although several measures of immediate postoperative re-
covery have been developed since 2000, the Quality of Recovery-15 (QoR-15) has be-
come the most widely reported measure of recovery in hospitals following surgery [4-6].
Furthermore, disability-free survival (DFS), assessed using the 12-item World Health Or-
ganization Disability Assessment Schedule (WHODAYS) 2.0, has played an important role
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as a mid-term patient-reported outcome measurement for surgi-
cal interventions [3,5-8]. Although the influence of anesthetic,
surgical, and patient factors on postoperative recovery and their
clinical and prognostic importance have previously been investi-
gated [6,9,10], limited research on the association between imme-
diate postoperative recovery in hospital and mid-term DEFS after
discharge currently exists.

Based on the hypothesis that poor immediate postoperative re-
covery decreases DFS at three months after abdominal cancer
surgery, we aimed to evaluate the following: (1) the association
between poor postoperative recovery and DFS, (2) the odds ratio
(OR) of poor recovery to DFS, (3) the QoR-15 scores after surgery
for patients with and without poor recovery on postoperative day
(POD) 2, (4) the effects of poor recovery on postoperative com-
plications, postoperative length of hospital stay, and the postoper-
ative 12-item WHODAS 2.0 scores, and (5) differences in the
mean value for each item of the QoR-15 on POD 2 between pa-

tients with and without DFS at three months after surgery.

Materials and Methods
Ethical approval

This prospective observational study was approved by the Insti-
tutional Review Board at Nara Medical University (Approval
number: 2975; April 28, 2021), and written informed consent was
obtained from all included patients before enrollment. This study
was registered in the University Hospital Medical Information
Network (UMIN000044062) and conducted in accordance with
the Declaration of Helsinki, 2013.

Inclusion and exclusion criteria

A total of 260 patients aged > 65 years undergoing elective ma-
jor abdominal surgery (general, urologic, and gynecologic sur-
gery) with a cancer diagnosis associated with a reduced likelihood
of DFS were included. Patients were excluded if they had demen-
tia, psychiatric disease requiring treatment, or poor comprehen-
sion of Japanese; were undergoing emergent or palliative surgery;
or had a planned postoperative hospital stay < 3 days. The re-
search staff recruited patients before surgery at the preoperative
anesthesia clinic of our hospital between June 1, 2021 and April 6,
2022.

Data collection
Before surgery, each patient’s age, sex, height, weight, American
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respiratory function, medication (B-blockers, steroids, and
statins), laboratory data (serum albumin and creatinine levels),
frailty, handgrip strength, and nutritional status were routinely as-
sessed. Handgrip strength of the dominant hand was measured
three times using a digital Jamar hand dynamometer (MG-4800
MORITOH, Japan), and the maximum value was recorded. Pre-
operative frailty was assessed using the Fried Frailty Phenotype
Questionnaire, which includes five domains (fatigue, resistance,
ambulation, inactivity, and weight loss). The total score ranges
from 0 to 5 points, and frailty is defined as follows: non-frail (ro-
bust) = 0 or 1 point; pre-frail = 2 points; and frail = 3-5 points
[11]. Nutritional status was assessed using the Mini Nutritional
Assessment-Short Form, with a total score ranging from 0 to 14
points. We also collected intraoperative data on the anesthetic
agents used (inhalation and intravenous agents), surgical field
(general, urologic, and gynecologic), postoperative analgesia
(none, patient-controlled epidural analgesia, and intravenous pa-
tient-controlled analgesia), surgical duration, and blood loss vol-
ume. Postoperative chemotherapy and radiotherapy were assessed

as postoperative covariates.

Postoperative quality of recovery

The QoR-15, which was developed to rapidly evaluate the qual-
ity of recovery after surgery and anesthesia in clinical settings, was
translated into Japanese in 2021 [12,13]. This assessment tool
consists of 15 items, including breathing, rest, well-being, pain,
nausea, and mental health, with a total score ranging from 0 to
150 points [12]. According to the QoR-15 score, the quality of re-
covery after surgery is classified as excellent (QoR-15 > 135),
good (122 < QoR-15 < 135), moderate (90 < QoR-15 < 121),
and poor (QoR-15 < 90) [10,14]. In this study, the QoR-15 was
assessed four times: on the day before surgery and on PODs 2, 4,
and 7. In the case of discharge within 4 days of surgery, a tele-
phone assessment was conducted to complete the questionnaire
on PODs 4 and 7. We determined POD 2 as the first evaluation
day after surgery because the dropout rate on POD 1 had been
high in our previous study [13].

Disability-free survival

The 12-item WHODAS 2.0, developed to measure disability,
has a total score ranging from 0 to 48 points [15]. In clinical set-
tings, this total score is converted to a percentage (0% = no dis-
ability and 100% = complete disability) and for this study, DFS
was defined as survival with a WHODAS score < 16% [16]. In-
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dividuals who died after surgery were assigned the maximum
WHODAS score of 100%. In this study, the 12-item WHODAS
2.0 was assessed on the day before and three months after the

surgery.
Outcomes

The primary outcome of this study was the association between
poor recovery on POD 2 and DFS at three months after surgery.
Secondary outcomes included the QoR-15 score, severe postoper-
ative complications with a Clavien-Dindo classification of IIla-V
[17], length of postoperative hospital stay, and postoperative 12-
item WHODAS 2.0 score.

Statistical analysis

The QoR-15 scores had a normal distribution in this study and
are presented as mean + SDs [12,13]. The other continuous data
are presented as medians (Q1, Q3), and categorical variables are
presented as numbers (%). The univariate analysis was performed
to compare the groups (poor recovery vs. non-poor recovery and
DES vs. non-DFS) using an unpaired t-test (QoR-15 score),
Mann-Whitney U test, or Fisher’s exact test, as appropriate. The
primary outcome of this study was evaluated using the Fisher’s
exact test. The ORs of poor recovery on POD 2 to DFS were cal-
culated using multiple logistic regression analyses with and with-
out adjusting for prominent factors, such as age, preoperative
frailty, preoperative DFS, surgical duration, and intraoperative
blood loss volume. The ORs of poor recovery to DFS on PODs 4
and 7 were also calculated using multiple logistic regression anal-
ysis after adjusting for the same prominent factors. The trajectory
of the QoR-15 scores after surgery between patients with and
without poor recovery on POD 2 was assessed using a linear
mixed model with a random intercept. The effects of poor recov-
ery on POD 2 on postoperative complications, length of postop-
erative hospital stay, and the postoperative 12-item WHODAS 2.0
scores were compared using univariate analysis. Differences in the
mean values for each item of the QoR-15 on POD 2 between pa-
tients with and without DFS were also compared using an un-
paired t-test.

We estimated that 65% and 85% of patients with and without
poor recovery, respectively, would have DFS at three months after
surgery. Assuming a ratio of 1 : 3 for each patient group and a
dropout rate of 20%, the minimum number of cases required was
260 in this study, with a power of 0.8 and an alpha error of 0.05.
All data were analyzed using SPSS version 25.0 (IBM Inc., USA),

and statistical significance was set at P < 0.05.
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Results

During the study period, 260 patients provided informed con-
sent and completed the questionnaires (QoR-15 and 12-item
WHODAS 2.0) before surgery. None of the surgeries were post-
poned or cancelled. Of the 260 patients, 240 completed the ques-
tionnaire on POD 2 and 230 completed the follow-up at three
months (Fig. 1). Among the 230 patients included in the analysis,
the median age was 73.0 years and 70% were male (Table 1).

The mean QoR-15 score on POD 2 was 106.7 (Table 2). Ac-
cording to the QoR-15 score on POD 2, 13.9% (32/230) of pa-
tients had excellent recovery, 19.1% (44/230) had good recovery,
39.5% (91/230) had moderate recovery, and 27.3% (63/230) had
poor recovery. No statistically significant differences in preopera-
tive and intraoperative characteristics were found between the pa-
tients with and without poor recovery on POD 2 (Table 1).

The perioperative mean + SDs of the QoR-15 scores are shown
in Table 2. The patients with poor recovery on POD 2 had lower
QoR-15 scores than those without poor recovery on POD 2 at all
time points. Fig. 2 shows the postoperative mean QoR-15 scores
and 95% Cls for the three time points (POD 2,n = 230; POD 4, n
= 226; and POD 7, n = 229). The linear mixed model with re-
peated measures revealed that the QoR-15 scores increased over
time (P < 0.001); however, patients with poor recovery on POD 2

291 Eligible patients

\ 4

31 Declined to participate

A 4

260 Patients were included

« 2 Patients had coronavirus infection after
surgery (need for isolation)

* 9 Patients did not complete the questionnaire
(delirium, n = 5; fatigue, n = 4)

« 1 Patient was managed in our intensive care
unit with mechanical ventilation

« 8 Patients withdrew from the study

A4

A4

240 Patients completed the questionnaire on
postoperative day 2

_| <8 Patients withdrew
* 2 Patients had no response

A4

230 Patients, including one who died postoperatively

Fig. 1. Flowchart of patient selection.
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Table 1. Preoperative and Intraoperative Characteristics

Total

Non-poor recovery on POD 2

Poor recovery on POD 2

(n = 230) (n = 167) (n = 63) P value
Age (yr) 73.0 (69.0, 77.0) 74.0 (69.0, 77.0) 72.0 (69.0, 77.0) 0.250
Sex (Male) 161 (70.0) 120 (71.9) 41 (65.1) 0.336
Height (cm) 163.0 (156.0, 167.0) 162.0 (156.0, 167.0) 163.0 (153.0, 168.0) 0.946
Weight (kg) 60.80 (53.1, 67.3) 60.80 (53.2,67.4) 60.80 (52.7, 67.0) 0.870
ASA-PS
1 9(3.9) 7 (4.2) 2(3.2) 0.853
2 178 (77.4) 127 (76.0) 51 (81.0)
3 42 (18.3) 32(19.2) 10 (15.9)
4 1(0.4) 1(0.6) 0(0.0)
Comorbidity
Symptomatic cerebral vascular disease 12(5.2) 9(5.4) 3(4.8) 0.999
Hypertension 130 (56.5) 95 (56.9) 35 (55.6) 0.882
Ischemic heart disease 18 (7.8) 12(7.2) 6(9.5) 0.585
Atrial fibrillation 18 (7.8) 15 (9.0) 3(4.8) 0411
Peripheral arterial disease 1(0.4) 0(0.0) 1(1.6) 0.274
Pacemaker or defibrillator 4(1.7) 3(1.8) 1(1.6) 0.999
Asthma 8(3.5) 4(24) 4(63) 0219
Diabetes 60 (26.1) 44 (26.3) 16 (25.4) 0.999
Respiratory function 0.789
Normal 145 (63.0) 106 (63.5) 39 (61.9)
Obstructive lung disease 73 (33.1) 51 (30.5) 22(34.9)
Restrictive lung disease 18 (7.8) 14 (8.3) 4(6.3)
Medication
B-blocker 13 (5.7) 8(4.8) 5(7.9) 0.351
Steroid 4(1.7) 3(1.8) 1(1.6) 0.999
Statin 63 (27.4) 42 (25.1) 21(33.3) 0.247
Laboratory data
Serum albumin (g/dI) 4.20 (4.00, 4.40) 4.20 (4.00, 4.50) 420 (4.00, 4.40) 0.993
Serum creatinine (mg/dl) 0.80 (0.68, 0.97) 0.81 (0.69, 0.98) 0.78 (0.68, 0.92) 0.540
Preoperative frailty 0.585
Non-frail 129 (56.0) 97 (58.0) 32(50.7)
Prefrail 50 (21.7) 34(20.3) 16 (25.3)
Frail 51(22.1) 36 (21.5) 15(23.8)
Preoperative grip-hand strength (kg) 30.80 (23.10, 38.40) 30.80 (24.70, 39.30) 30.80 (21.00, 36.90) 0.260
Mini Nutritional Assessment-short form 13.0 (11.0, 14.0) 13.0(11.0, 14.0) 12.0(10.0, 14.0) 0.117
Intraoperative covariate
Anesthetics agents 0.194
Inhalation agents 223(97.0) 160 (95.8) 63 (100.0)
Intravenous agents 7 (3.0) 7 (4.2) 0(0.0)
Surgical field 0.119
General 167 (72.6) 116 (69.4) 51 (80.9)
Urologic 57 (24.7) 45 (26.9) 12 (19.0)
Gynecologic 6(2.6) 6(3.5) 0(0.0)
Postoperative analgesia 0.511
None 4(1.7) 4(2.3) 0(0.0)
PCEA 101 (43.9) 74 (44.3) 27 (42.9)
IV-PCA 125 (54.3) 89 (53.3) 36 (57.1)
Surgical duration (min) 290.0 (217.0, 374.0) 276.0 (215.0, 367.0) 330.0 (231.0, 391.0) 0.072
Intraoperative blood loss volume (ml) 66.0 (16.0, 261.0) 60.0 (15.0, 246.0) 100.0 (23.0, 302.0) 0.271

Values are presented as median (Q1, Q3) or number (%). POD: postoperative day, ASA-PS: American Society of Anesthesiologists physical status,
PCEA: patient-controlled epidural analgesia, IV-PCA: intravenous patient-controlled analgesia.
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Total (n=230) Non—poor(;ec:ovleg;l)on POD2  Poor rec(?]ve:ry6 g;l POD 2 P value

Mean QoR-15 score

Preoperative 139.7 £ 12.6 1414 + 11.7 1353 + 139 0.001

POD 2 106.7 £ 249 1184 + 16.6 75.8 £ 14.5 <0.001

POD 4 118.2 £ 22.5 123.6 + 20.0 103.6 £ 22.3 <0.001

POD7 1248 + 214 128.4 + 20.6 115.3 £ 20.6 <0.001
Number of patients with postoperative complica- 16 (6.9) 11 (6.5) 5(7.9) 0.773
tions (Clavien-Dindo classification > IIIa)
Median length of postoperative hospital stay (days) 9.0 (8.0,12) 9.0 (7.5,11.0) 10.0 (8.0, 13.0) 0.165
Median disability score (12-item WHODAS 2.0)

Preoperative 2.0 (0.0, 8.3) 2.0 (0.0, 8.3) 4.1(0.0,12.5) 0.063

3 months postoperative 4.1(0.0,14.5) 4.1(0.0,12.5) 6.2(0.0,29.1) 0.046
Number of patients with disability-free survival

Preoperative 197 (85.6) 145 (86.8) 52(82.5) 0.408

3 months postoperative 174 (75.7) 133 (79.6) 41 (65.1) 0.026

Values are presented as mean + SD, number (%) or median (Q1, Q3). POD: postoperative day, QoR-15: Quality of Recovery-15, WHODAS:

World Health Organization Disability Assessment Schedule.

—— Non-poor recovery on POD 2
— Poor recovery on POD 2

150 ~
140
130

120 :/t/é
110 A
100 -
90

80
70

Mean value of the QoR-15

2 (n =230) 4 (n =226) 7 (n=229)

Time point (POD)

Fig. 2. Comparison of the mean score of the Quality of Recovery-15
(QoR-15) between patients with and without poor recovery on
postoperative days (POD) 2, (n = 230), 4 (n = 226), and 7 (n = 229).
The linear mixed model includes time points as categorical data with
random intercepts and shows that the mean score of the QoR-15
increased over time (POD 4, P < 0.001; POD 7, P < 0.001); however,
patients with poor recovery on POD 2 had lower mean scores on the
QoR-150nPODs 4 (P <0.001) and 7 (P < 0.001) than patients without
poor recovery on POD 2.

had lower scores than those without poor recovery at all time
points (P < 0.001).

No statistically significant differences in severe postoperative
complications (P = 0.773) or the length of postoperative hospital
stay (P = 0.165) were found between the two groups (Table 2).
Additionally, no statistically significant differences in the propor-
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tion of patients who received postoperative chemotherapy (poor
recovery group: 28.5% [18/63] vs. non-poor recovery group:
34.1% [57/167], P = 0.442) or postoperative radiotherapy (poor
recovery group: 1.5% [1/63] vs. non-poor recovery group: 0.6%
[1/167], P = 0.471) were found between the two groups.

The 12-item WHODAS 2.0 scores and number of patients with
DFS did not differ significantly between the two groups preopera-
tively. In contrast, patients with poor recovery on POD 2 had a
significantly higher median WHODAS score at three months af-
ter surgery compared to patients without poor recovery on POD
2(6.2[0.0,29.1] vs. 4.1 [0.0, 12.5]; P = 0.046) (Table 2). A greater
number of patients without poor recovery on POD 2 (79.6%) than
those with poor recovery on POD 2 (65.1%) had DEFS at three
months after surgery (P = 0.026) (Table 2). The OR of poor re-
covery on POD 2 to DES at three months after surgery was 0.481
(95% CI [0.233, 0.994]), even after adjusting for relevant factors
(Table 3). Two of the patients who underwent postoperative ra-
diotherapy also received chemotherapy; thus, only postoperative
chemotherapy was included as a postoperative covariate for mul-
tiple analysis.

Additionally, poor recovery on PODs 4 and 7 was not associ-
ated with DFS at three months after surgery (Supplementary
Table 1).

Among the QoR-15 items on POD 2, breathing (P = 0.001),
rest (P = 0.016), well-being (P = 0.022), moderate pain (P =
0.010), severe pain (P < 0.001), and depression (P = 0.004) were
significantly different between patients with and without DFS
three months after surgery (Supplementary Table 2).
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Table 3. Odds Ratio for the Association between Poor Recovery on POD 2 and DFS at Three Months after Surgery

Unadjusted estimated

Adjusted estimated

QOdds ratio (95% CI)

P value

QOdds ratio (95% CI) P value

Poor recovery on POD 2 0.476 (0.251,0.904)

0.023

0.481 (0.233,0.994) 0.048

The adjusted model was adjusted for age, preoperative frailty, preoperative DFS, surgical duration, intraoperative blood loss volume, and
postoperative chemotherapy. The area under the curve was 0.763 (95% CI: 0.684, 0.841; Hosmer-Lemeshow, P = 0.867). POD: postoperative day,

DFS: disability-free survival.

Discussion

This study showed that, according to QoR-15 scores, patients
with poor recovery on POD 2 had a decreased likelihood of DFS
at three months after surgery compared to patients without poor
recovery, with an OR of 0.483 after adjusting for baseline risk and
surgical factors. Furthermore, although patients with poor recov-
ery on POD 2 had lower perioperative QoR-15 scores, poor re-
covery was not significantly associated with postoperative compli-
cations or length of postoperative hospital stay.

Although surgery contributes to life support and functional re-
covery, not all patients benefit from surgery. In this study, the in-
cidence of DFS at three months after surgery was 75.7%
(174/230), a decrease from the estimated rate preoperatively
(85.6% [197/230]). Although this incidence was not compared to
previous studies using different definitions (WHODAS scores <
25%), the high prevalence of patients without DFS is a consider-
able social concern that would need to be addressed after dis-
charge. Although preoperative frailty is a well-known factor asso-
ciated with postoperative functional disability, it is not necessarily
optimized preoperatively. Thus, early postoperative detection of
factors affecting mid-term functional disability is essential. The
only immediate postoperative factor associated with DFS that has
been reported to date is anemia [9,18,19]; thus, this study provides
new evidence that poor immediate postoperative recovery is a
predictor of DFS.

Patients with poor recovery on POD 2 had lower QoR-15 scores
on PODs 4 and 7 than those without poor recovery on POD 2;
however, poor recovery on PODs 4 and 7 were not associated
with DFS at three months after surgery. This may be explained by
the limited number of patients with poor recovery on POD 4 (n
= 28) and POD 7 (n = 12). Regardless, accurately identifying pa-
tients who are likely to have poor outcomes after hospital dis-
charge is essential. Although we also evaluated QoR-15 scores
preoperatively in this study, the QoR-15 was developed for post-
operative assessment and the preoperative score does not neces-
sarily reflect the patientss baseline score; thus, we did not include
the preoperative QoR-15 scores in this analysis [3,14]. Six of the

QoR-15 items (breathing, rest, well-being, moderate pain, severe
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pain, and depression) showed differences between the patients
with and without DFS at three months after surgery. Previous
studies have shown that well-controlled pain after abdominal sur-
gery leads to better postoperative recovery [20-22]; therefore,
providing strategies to control postoperative pain and optimize
mental status can contribute to an increase in DFS.

Two previous studies found an association between the severity
of postoperative recovery classified according to the QoR-15 score
and postoperative complications, which is not consistent with the
findings of this study [10,14]. This could be explained by the fol-
lowing: (1) these studies included relatively minor complications
(e.g., additional opioids for pain control), while our study only in-
cluded severe complications (Clavien-Dindo classification IITa-V)
and (2) our sample size may not have been large enough to detect
this association.

This study had some limitations. First, we could not demon-
strate a causal relationship between poor postoperative recovery
and DFS three months after surgery owing to the observational
nature of the study. Second, although factors after hospital dis-
charge may affect DFS, detecting patients at risk of not achieving
DFS early allows for the initiation of timely and appropriate inter-
ventions. Finally, because this was a single-center study involving
only patients who underwent major abdominal surgery, the gen-
eralizability of our findings may be limited.

In conclusion, we found that patients with poor recovery on
POD 2, as defined using the QoR-15, were more likely to not have
DFS at three months after abdominal surgery. These findings may
allow for early and effective interventions to be initiated based on

each patient’s condition after abdominal surgery.
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Comparison of the pericapsular nerve
group block with the intra-articular
and quadratus lumborum blocks in
primary total hip arthroplasty: a
randomized controlled trial

Tayfun Et, Muhammet Korkusuz

Department of Anesthesiology and Intensive Care Medicine, Karamanoglu Mehmetbey
University Faculty of Medicine, Karaman, Turkey

Background: The pericapsular nerve group (PENG) block, quadratus lumborum block
(QLB), and intra-articular (IA) local anesthetic injection have been shown to provide ef-
fective analgesia in total hip arthroplasty (THA). This randomized study aimed to com-
pare the analgesic efficacy, motor protection, and quality of recovery associated with the
PENG block, QLB, and IA injection.

Methods: Eighty-nine patients who underwent a unilateral primary THA under spinal
anesthesia were randomly assigned to the PENG (n = 30), QLB (n = 30), or IA (n = 29)
group. The primary outcome was the numerical rating scale (NRS) score over the first 48
h postoperatively. The secondary outcomes were postoperative opioid consumption, quad-
riceps and adductor muscle strength, and quality of recovery (QoR-40).

Results: The dynamic (with movement) NRS scores at 3 and 6 h postoperatively were sig-
nificantly lower in the PENG and QLB groups compared to the IA group (P = 0.002 and P
< 0.001, respectively). The time to first opioid analgesia requirement was longer in the
PENG and QLB groups than in the IA group (P = 0.009 and P = 0.016, respectively). A
provided better preservation was found in the the PENG group than in the QLB group in
terms of quadriceps muscle strength at 3 h postoperatively (P = 0.007) and time to mobili-
zation (P = 0.003). No significant differences in the QoR-40 scores were seen.
Conclusions: The PENG and QLB groups showed similar analgesic effects and both
showed more effective analgesia 6 h postoperatively than the IA group. All the groups
showed similar postoperative quality of recovery.

Keywords: Anesthesia; Arthroplasty; Lower extremity; Nerve block; Pain management;
Postoperative pain.

Introduction

As the hip joint receives sensory innervation from both the lumbar and sacral plexuses,
providing effective regional analgesia to this area is difficult [1]. Additionally, the method
used for postoperative analgesia after hip surgery must both provide effective analgesia
and allow for mobilization as early as possible [1,2]. Ideally, this process should also have
a motor protective effect to reduce the risk of thromboembolic events and increase func-
tional improvement by shortening the length of hospital stay [3].

The pericapsular nerve group (PENG) block described in 2018 by Giron-Arango et al.
[4] can be used for hip surgery. In hip fracture surgery and elective arthroplasty, a preop-
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erative and postoperative analgesic blockade is applied to the ob-
turator, femoral, and accessory obturator nerves, which innervate
the anterior side of the hip joint [5]. With the PENG block, only
the sensory branches of the femoral nerve that travel to the hip
joint are blocked; no motor blockade occurs [6]. Consequently,
excellent analgesia can be provided without affecting muscle
strength, which facilitates postoperative functional recovery.

The quadratus lumborum block (QLB), first described by Blan-
co [7] in 2007, is administered around the quadratus lumborum
muscle (QLM). The QLM is located between the middle and an-
terior thoracolumbar fascia adjacent to the fascia of the psoas ma-
jor muscle (PM) medially and the transversalis fascia laterally. The
name changes according to the point of injection [8-10]. In earlier
studies, the anterior QLB was also classified as the transmuscular
approach (between the QLM and PM) [11]. Owing to its anatom-
ical proximity to the QLM, the QLB is thought to have a large
blocking capacity through affecting the L1-3 nerve root. Cadaver-
ic studies have shown that the anterior and subcostal QLB cover
nerves that provide sensory innervation to the hip [8,9]. The QLB
has also been shown to provide effective analgesia for total hip ar-
throplasty (THA) without causing weakness in the quadriceps
muscles [10].

Intra-articular (IA) local anesthetic injections, which are practi-
cal and easy to administer, have been reported to result in lower
postoperative pain scores and opioid compared to non-adminis-
tered group in previous studies on hip arthroplasty [12,13].

We hypothesized that patients undergoing THA who received
the PENG block would have lower numerical rating scale (NRS)
scores and opioid consumption and better motor protection and
quality of recovery (QoR) than those who received the QLB and
IA injection. The primary outcome of this prospective random-
ized study was the severity of pain represented by the NRS score
of patients undergoing THA, measured in the first 48 h after re-
ceiving the PENG block, QLB, and IA injection. The secondary
outcomes included postoperative opioid consumption, time to
first mobilization, quadriceps muscle strength, hip adduction
strength, and QoR (according to the QoR-40).

Materials and Methods

The study protocol was approved by the Ethics Committee of
Karamanoglu Mehmetbey University Faculty of Medicine (deci-
sion no: 04-2021/14, June 23, 2021). This trial was registered at
ClinicalTrials.gov (NCT05003544). Written informed consent was
obtained from all patients who participated in the study, in accor-
dance with the principles of the Declaration of Helsinki, 2013.

Patients aged 18-85 years who underwent unilateral primary
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THA with spinal anesthesia administered in accordance with the
American Society of Anesthesiologists (ASA) I-III criteria be-
tween August 12, 2021 and January 31, 2023 were included in the
study. The exclusion criteria were as follows: a history of surgery
on the same hip, liver or kidney failure, allergy or intolerance to
one of the study drugs, body mass index > 40 kg/m’, ASA phsy-
ical status score of IV, or long-term use of gabapentin/pregabalin
or opioids.

Patient randomization was performed at a ratio of 1 : 1 : 1 basis
by an expert who was not involved in the study using a comput-
er-generated program (https://www.randomizer.org). Patients
were assigned to one of three groups (30 patients each) using
computer-generated random numbers and coded sealed opaque
envelopes that were opened immediately before performing the
PENG block (PENG group), QLB (QLB group), or IA injection
(IA group). A specialist who did not perform the preoperative
block and was blinded to the patient groups performed the post-
operative evaluation. The postoperative pain assessment special-
ists, nurses, and patients were all blinded to the intervention
group, including during the data collection process.

As part of the multimodal analgesia, 1,000 mg paracetamol was
administered intravenously (IV) in the preoperative holding area.
Patients were followed up in a standard manner. Subsequently, 2
mg IV midazolam, 40 mg IV esomeprazole, and 4 mg IV dexa-
methasone were administered. After the patients were positioned
appropriately for spinal anesthesia, 2.2 ml of 0.5% hyperbaric bu-
pivacaine was injected into the L3-4 intervertebral space. The
posterolateral surgical approach was used in all patients in the lat-
eral decubitus position.

For postoperative analgesia, patients were routinely adminis-
tered 1,000 mg IV paracetamol three times a day and 50 mg oral
diclofenac every 8 h (25 mg if aged > 75 years). In addition, 5
mg oral oxycodone was administered to patients with an NRS

score > 4.

Sham procedure

The sham block procedure was applied to all patient groups.
When applying the sham procedure, the QLB and PENG block
protocols were performed using a simulation method. The simu-
lation QLB was applied to the PENG group, the PENG simulation
to the QLB group, and both block simulation the IA group. The
practitioner simulated these blocks after the QLB and PENG
block positions were assigned to all participating patients. After
probe placement in a QLB- and PENG block-like manner, a suftfi-
cient pause was allowed to simulate a blunt needle, then a 20 ml

syringe with saline, without administering any medication.
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PENG block technique

For the PENG block, sterile conditions were maintained with
the patient in the supine position. A low-frequency convex ultra-
sound transducer (Samsung RS85 Prestige®, Republic of Korea)
was placed in the anteroinferior iliac spine. The probe was placed
a transverse orientation, medical, and caudal to the anterosuperi-
or iliac spine in order to identify the anteroinferior iliac spine, the
iliopubic eminence, and the psoas tendon. After the psoas tendon
was visualized, with a 21-gauge 100-mm block needle (B. Braun®,
Germany), the tip of the psoas tendon was determined using the
in-plane technique with a lateral-to-medial approach (Fig. 1A).
Following negative aspiration, 20 ml of 0.5% bupivacaine was in-
jected under the psoas tendon and local anesthetic spread was ob-
served (Fig. 1B).

QLB technique

For the anterior QLB, the patients were positioned laterally with
the surgical side facing up. A low-frequency convex ultrasound
probe was placed at the level of the L4 spine with the iliac wing.
When the “Shamrock” appearance (Fig. 2A) was visualized, a
21-gauge 100-mm block needle was advanced to the QLM in the
posterior to anterior direction using the in-plane technique and
the needle tip was inserted between the PM and the fascial space
of the QLM. Following negative aspiration, 30 ml of 0.5% bupiva-

caine was slowly injected into the fascial area (Fig. 2B). Block suc-

Medial
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cess was confirmed by observing the separation of the QLM and

PM in the same plane.
IA injection

After the placement of the hip prosthesis, 30 ml of 0.5% bupiva-
caine and 30 ml of saline were administered by IA injection after

the joint capsule was closed.

Outcome measurements

The primary outcome measure was the maximum severity of
pain perceived at all postoperative time points (3, 6, 8, 12, 24, and
48 h) using an NRS pain score ranging from 0-10. The NRS value
was evaluated as rest (static) and during movement (dynamic) for
the first 48 h postoperatively.

The secondary outcomes were the time to first postoperative
opioid requirement and opioid consumption (reported in oral
morphine equivalents within the first 48 h postoperatively).
Quadriceps motor function was evaluated at 3, 6, 12, and 24 h
postoperatively with the hip and knee flexion test at 45° and 90°,
respectively (normal strength = 0 points [extension against resis-
tance]; paresis = 1 point [flexion against gravity but not against
resistance]; and paralysis = 2 points [no extension]). An inflated
blood pressure cuff was placed at 40 mmHg of hip adduction
force and the patient was instructed to compress the cuff as hard

as possible and maintain this effort. The percent reduction in

Fig. 1. Pericapsular nerve group block. (A) A low-frequency curvilinear was placed in a transverse orientation, medial and caudal to the
anterosuperior iliac spine in order to identify the anterior inferior iliac spine, the iliopubic eminence, and the psoas muscle tendon. (B) The needle
placement between the psoas muscle tendon and the iliopubic eminence with a lateral-to-medial approach using the in-plane technique. After
negative aspiration, local anesthetic spread was observed under the psoas muscle tendon. AIIS: anterior inferior iliac spine, fa: femoral artery, IPE:

iliopubic eminence, PT: psoas muscle tendon, LA: local anesthesia.
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577


https://doi.org/10.4097/kja.23064

Et and Korkusuz - Comparison of PENG block and QLB

Fig. 2. Anterior quadratus lumborum block. (A) A low-frequency convex ultrasound probe was placed at the level of the L4 spine with the iliac
wing. Subsequently, the L4 vertebral body at the L4 vertebra level, along with the L4 transverse process, the quadratus lumborum, the erector
spinae muscle, and the psoas muscle, were identified as the Shamrock sign. (B) The needle placement between the QLM and the psoas muscle
with a posterior-to-anterior approach using the in-plane technique. After negative aspiration, local anesthetic spread was observed between the
QLM and the psoas muscle. QLM: quadratus lumborum muscle, ESM: erector spinal muscle, PM: psoas muscle, TP: transverse process, LA: local
anesthesia.

strength compared with the baseline measurement was scored as
follows: 0%-20% = 0 points, 21%-70% = 1 point, and 71%-90%
= 2 points [14,15]. QoR was evaluated on postoperative days 1, 2,
and 7 using the QoR-40 questionnaire. The development of nau-
sea, vomiting, pruritus, urinary retention, or respiratory depres-

sion was recorded, and patient satisfaction was evaluated.

Statistical analysis

The sample size was calculated for the one-way analysis of vari-
ance (ANOVA), which was used to test the main hypothesis of the
study (comparison of NRS scores between the three independent
groups). Before starting the study, a power analysis was performed
with reference to the literature [16] and expert opinion. The effect
size was calculated using the mean postoperative (0-12 h) NRS
values obtained from the literature (the mean NRS values of the
PENG and control groups were 2.5 and 5.5, respectively; the mean
NRS value of the QLB was estimated to be 4 based on expert opin-
ion; and standard deviations were homogeneous and the mean was
3) [16,17]. Cohen’s effect size was calculated as 0.408 using the
group mean and standard deviation values. To reach a minimum
power of 90% (1-p = 0.10) with a = 0.05 error (95% confidence
interval, CI) for the ANOVA test, the minimum number of pa-
tients to include in the study was determined to be 81 (27 patients
in each group). Considering a potential loss to follow-up for any
reason of 10%, 90 patients (30 patients in each group) were includ-
ed in the study. G*Power (version 3.1.9.5; Heinrich-Heine-Univer-

sitdt, Germany) was used for sample size estimation.
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Statistical data analyses were conducted using IBM® SPSS® Sta-
tistics software (version 22; IBM Corp., USA). Descriptive cate-
gorical data are presented as numbers (n) and percentages (%).
The chi-square or Fisher’s exact test was used, depending on the
sample sizes in the crosstab cells, to compare the ratios between
categorical variables. Descriptive statistics of numerical data are
presented as mean * standard deviation or median (Q1, Q3) val-
ues, depending on whether the data were normally distributed.
The Shapiro-Wilk test and some graphical methods (histogram
and Q-Q plots) were used to determine the conformity of the data
to a normal distribution. One-way ANOVA was used to compare
normally distributed numerical data among the three indepen-
dent groups, and the Kruskal-Wallis test was used to compare
non-normally distributed data.

For comparisons showing significant differences in the ANO-
VA, the Tukey test was conducted, and the Kruskal-Wallis test was
followed by Dunn-Bonferroni post-hoc pairwise comparison
tests. A two-way mixed ANOVA was used as parametric test. The
effect of the research groups on the change in the repeated mea-
surements of NRS values at rest (static) and during movement
(dynamic) measured at seven different time points (Supplementa-
ry Material 1). All statistical tests were two-sided, and the level of
statistical significance was set at P < 0.05.

Results

A total of 112 patients were screened, and 22 were excluded

from the study. After completing randomization, one patient in
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the IA group was excluded because of unsuccessful spinal anes-
thesia. A total of 89 patients were thus analyzed: 30 in the PENG
group, 30 in the QLB group, and 29 in the IA group (Fig. 3). The
demographic and clinical characteristics of the study groups are
shown in Table 1.

A comparison of the static and dynamic NRS scores between
the groups is presented in Table 2. According to the post-hoc test
results, the dynamic NRS scores of the PENG (0.37 + 0.80) and
QLB (0.63 + 0.85) groups 3 h postoperatively were significantly
lower from those of the IA (1.38 + 1.54) group (P = 0.002, P =
0.036, respectively). Both the static and dynamic NRS scores of
the IA group (static: 2.00 £ 1.03, dynamic: 4.07 £ 1.66) 6 h post-
operatively were significantly higher from those of the PENG
(static: 1.20 + 0.92, dynamic: 2.43 + 1.45; P = 0.005, P < 0.001,
respectively) and QLB groups (static: 1.30 + 0.87, dynamic: 2.83
+ 0.74; P = 0.017, P = 0.002, respectively) (Table 2). Intra- and
inter-group comparisons of the static and dynamic NRS scores
measured at the seven time points are presented in Supplementa-
ry Tables 1 and 2.

Korean J Anesthesiol 2023;76(6):575-585

The post-hoc test results showed a significant difference in the
time to first opioid requirement in the IA group compared to the
PENG and QLB groups (7 [5, 8], 10.5 [7.75, 14], and 11 [5.75,
14.25]; P = 0.009 and P = 0.016, respectively). The analgesic re-
quirement between 0 and 6 h in the PENG group was significant-
ly different from that in the IA group (0 [0, 0] vs. 0 [0, 7.5]; P =
0.032). In the total time evaluated (0-48 h), only the amount of
analgesic requirement in the IA group was significantly higher
than that in the QLB group (7.5 [7.5, 15] and 15 [11.25, 22.5]; P =
0.040) (Table 3).

The distribution of the quadriceps muscle strength rates at 3 h
was significantly different between the PENG (23.3%) and QLB
(63.3%) groups (P = 0.019) (Table 4). According to the post-hoc
test results, the quadriceps muscle strength at 3 h postoperatively
in the QLB group was significantly lower than that in the PENG
group (P = 0.007).

A statistically significant difference was observed in the time to
mobilization between the study groups (P = 0.011) (Table 5). Ac-

cording to the post-hoc test results, the time to mobilization in

Enrollment

Assessed for eligibility (n = 112)

Excluded (n = 22)

\ 4

* Not meeting inclusion criteria (n = 15)
* Declined to participate (n = 7)

Randomized (n = 90)

Allocation

|

(i ]

PENG group (n = 30)
« Received allocated intervention (n = 30)
« Did not receive allocated intervention (n =0)

QLB group (n = 30)

« Received allocated intervention (n = 30)
« Did not receive allocated intervention (n =0)

IA group (n = 30)
* Received allocated intervention (n = 29)
« Did not receive allocated intervention (n =1)

Follow-up

!

i

)

Lost to follow-up (n = 0)

Lost to follow-up (n = 0)

Lost to follow-up (n = 0)

Analysis

)

Analyzed (n = 30) Analyzed (n = 30)

Analyzed (n = 29)

Fig. 3. Consolidated Standards of Reporting Trials (CONSORT) flow diagram. PENG: pericapsular nerve group, QLB: quadratus lumborum

block, IA: intra-articular injection.
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Table 1. Comparison of Demographic and Clinical Characteristics among the Study Groups

Variable PENG group (n = 30) QLB group (n = 30) IA group (n = 29) P value
Gender
Female 17 (56.7) 18 (60.0) 16 (55.2) 0.929*
Male 13 (43.3) 12 (40.0) 13 (44.8)
Age (yr) 68.83 + 11.10 72 + 11.40 68.52 + 13.10 0.460
BMI (kg/m’) 29.01 + 4.06 30.20 + 3.97 30.39 £+ 3.75 0.344
ASA score
1 5(16.7) 3(10.0) 5(17.2) 0.641"
2 18 (60.0) 21 (70.0) 21 (72.4)
3 7(23.3) 6(20.0) 3(10.3)
Perioperative diagnosis
Fracture 16 (53.3) 12 (40.0) 11(37.9) 0.430%
No fracture 14 (46.7) 18 (60.0) 18 (62.1)
Surgical side
Left 14 (46.7) 18 (60.0) 17 (58.6) 0.522%
Right 16 (53.3) 12 (40.0) 12 (41.4)
Duration of anesthesia 109.90 = 10.90 109.10 = 14.20 111.0 £ 10.90 0.840
Duration of surgery 87.40 + 13.10 84.70 + 15.86 91.86 + 12.65 0.145
Preoperative NRS score 5.67 £ 1.47 543 + 1.33 6.07 £ 1.36 0.213

Values are presented as number (%) or mean + SD. PENG: pericapsular nerve group block, QLB: quadratus lumborum block, IA: intra-articular
injection, BMI: body mass index, ASA: American Society of Anesthesiologists, NRS: numerical rating scale. *Chi-square test with n (%), 'Fisher’s
exact test with n (%), ANOVA with mean + SD values.

Table 2. Comparison of Static and Dynamic NRS Scores among the Study Groups

Time 3h 6h 8h 12h 24h 48h
Static
PENG’ (n = 30) 0.17 = 0.46 1.20 = 0.92 2.27 + 0.69 2.87 = 1.07 1.80 = 1.03 0.93 + 0.86
QLBT (n = 30) 0.30 = 0.70 1.30 = 0.87 2.23 + 0.67 2.63 £ 0.71 1.57 £ 0.89 0.87 = 0.93
1A (n=29) 0.55 = 0.91 2.00 = 1.03 2.52 = 0.78 2.59 = 1.08 1.66 = 0.93 0.62 = 0.67
P value 0.115 0.003° 0.261 0.496 0.636 0.325
Post hoc P value - “1.000 - - - Interaction effect
“I0 005° F(12;516) = 1§.921,
0 0175 P =0.030
Dynamic
PENG’ (n=30) 0.37 = 0.80 243 + 145 4.10 = 1.26 453 + 1.47 3.07 £ 1.08 2.37 £ 0.80
QLBT (n=30) 0.63 = 0.85 2.83 £ 0.74 390 + 1.34 453 + 1.61 2.87 £ 1.07 243 + 0.72
IAF (n=29) 1.38 + 1.54 4.07 + 1.66 4.62 + 1.76 4.66 + 1.89 3.03 £ 1.52 2.14 = 0.69
P value 0.002° < 0.001° 0.159 0.949 0.800 0.287
Post hoc P value 11000 10757 - - - Interaction effect
40,0028 2 0.001° F (12;516) = 2§.306,
40.036° "40,002° P=0007

Values are presented as mean + SD (or SEM). *PENG: pericapsular nerve group, 'QLB: quadratus lumborum block, ‘TA: intra-articular injection.
*P value < 0.05; statistically significant.

the QLB group was significantly longer than that in the PENG  Discussion
group (17.3 £ 4.92 and 13.17 + 4.43; P = 0.003). No significant
differences were observed between the groups with respect to the The results of this randomized controlled study demonstrated

QoR-40 score, patient satisfaction, or complications (Table 5). that the PENG block and QLB provided more effective analgesia
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Table 3. Comparison of the Required Oral Morphine Equivalents among the Study Groups

PENG group* QLB group' IA group

Morphine consumption (n=30) (n=30) (n=29) P value Post hoc P values
Time to first opioid requirement (h) ~ 10.5 (7.75, 14) 11.0 (5.75, 14.25) 7.0 (5,8) 0.004° 11,000
*0.009°
+0.016°
0,6h (mg) 0(0,0) 0(0,0) 0(0,7.5) 0.021° 11,000
%0.032°
0.074
6,12h (mg) 0(0,7.5) 0(0,7.5) 7.5(0,7.5) 0.055 -
12,24 h (mg) 7.5(5.62,7.5) 7.5(0,7.5) 7.5(0,7.5) 0.353 -
24,48 h (mg) 0(0,1.87) 0(0,0) 0(0,0) 0.819 -
Total (0, 48 h) (mg) 15.0 (7.5, 15) 7.5(7.5,15) 15.0 (11.25,22.5) 0.037° “1.000
0,194
0.040°

Values are presented as median (Q1, Q3). *PENG: pericapsular nerve group, "QLB: quadratus lumborum block, *IA: intra-articular injection. °P <
0.05; statistically significant.

Table 4. Comparison of Quadriceps Muscle Strength and Hip Adduction Strength among the Study Groups

PENG group QLB group IA group

Variable (n = 30) (n = 30) (n = 29) P value
Quadriceps muscle strength
3h Normal 9 (30.0) 5(16.7) 5(17.2) 0.019""
Paresis 14 (46.7) 6 (20.0) 14 (48.3)
Paralysis 7(23.3) 19 (63.3) 10 (34.5)
6h Normal 18 (60.0) 9(30) 16 (55.2) 0.053
Paresis 10 (33.3) 14 (46.7) 12 (41.4)
Paralysis 2(6.7) 7(23.3) 1(3.4)
12h Normal 24 (80.0) 22(73.3) 26 (89.7) 0277
Paresis 6 (20.0) 8(26.7) 3(10.3)
Paralysis - - -
24h Normal 30 (100) 30 (100) 29 (100) 1.000"
Paresis - - -
Paralysis - - -
Hip adduction strength
3h 0-20 13 (43.3) 21 (70.0) 12 (41.4) 0.091*
21-70 13 (43.3) 6(20.0) 15(51.7)
71-90 4(134) 3(10.0) 2(6.9)
6h 0-20 3(10.0) 5(16.7) 1(34) 0.159"
21-70 14 (46.7) 18 (60.0) 13 (44.8)
71-90 13 (43.3) 7(23.3) 15 (51.7)
12h 0-20 - - - 0.123
21-70 7(23.3) 11 (36.7) 4(13.8)
71-90 23(76.7) 19 (63.3) 25 (86.2)
24h 0-20 - - - 0.326'
21-70 0(0.0) 2(6.7) 0(0.0)
71-90 30 (100) 28 (93.3) 29 (100)

Values are presented as number (%). PENG: pericapsular nerve group, QLB: quadratus lumborum block, IA: intra-articular injection. *P < 0.05;
statistically significant, "Chi-square test with n (%), *Fisher’s exact test with n (%).
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Table 5. Comparison of Postoperative Quality of Recovery (based on the QoR-40), Patient Satisfaction, Time to Mobilization, and Complications

among the Study Groups
Variable PENG group (n=30) QLB group (n=30) IA group (n=29) P value
Patient satisfaction
Yes 21(70.0) 22 (73.3) 20 (69.0) 0.928"
No 9(30.0) 8(26.7) 9(31.0)
Time to mobilization (h) 13.17 + 4.43 17.30 + 4.92 15.31 £ 6.11 0.011*
QoR-40 score
24h 170 (163, 179) 174 (168.7,178) 174 (170, 179.5) 0.141
48h 192.5(188.7,194.2) 192.5 (190, 194) 192.0 (189, 194.5) 0.886
1wk 197 (195, 198) 197 (195.7,197) 197 (196, 197) 0473
Nausea
No 28 (93.3) 28 (93.3) 22 (75.9) 0.064"
Yes 2(67) 2(6.7) 7 (24.1)
Vomiting
No 29 (96.7) 28 (93.3) 28 (96.6) 0.786"
Yes 1(3.3) 2(6.7) 1(34)
Pruritus
No 29 (96.7) 30 (100) 29 (100) 1.000"
Yes 1(3.3) 0(0.0) 0(0.0)
Urinary retention
No 29 (96.7) 30 (100) 29 (100) 1.000"
Yes 1(3.3) 0(0.0) 0(0.0)
Respiratory depression
No 30 (100) 30 (100) 29 (100) 1.000"
Yes 0(0.0) 0(0.0) 0(0.0)

Values are presented as mean + SD (or SEM) or median (Q1, Q3). PENG: pericapsular nerve group, QLB: quadratus lumborum block, IA: intra-
articular injection, QoR: quality of recovery. *P < 0.05; statistically significant. ‘Chi-square test with n (%), ‘Fisher’s exact test with n (%), ANOVA
test with mean + SD values, Kruskal-Wallis test with median value (Q1, Q3).

for up to 6 h postoperatively than IA local anesthetic injections.
QLBs and PENG blocks showed similar analgesic effects. The
PENG block and QLB were more effective than the IA injection
in terms of the time to first analgesia requirement. The PENG
block was also found to be more effective at enabling early mobili-
zation than the QLB, as it provided motor-protective analgesia up
to 3 h postoperatively. Although the QLB had a similar effect to
the PENG block with respect to 48-h opioid consumption, the
QLB group was associated with less opioid consumption than the
IA group. Despite the analgesic effects of the PENG block and
QLB and the motor-protective effect of the PENG block, the three
applications had a similar postoperative effect on the QoR.

Due to the complex innervation of the hip joint, the importance
placed on regional anesthesia to provide adequate analgesia in
THA is increasing. The presence of a large number of mechanore-
ceptors and nociceptors in the anterior capsule and innervation
by the femoral and obturator nerves are the primary sources of

pain in the hip joint [18]. Studies have shown that adequate anal-
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gesia is achieved with the PENG block as it effectively blocks the
femoral, obturator, and accessory obturator nerves, which inner-
vate the anterior capsule [16]. However, some studies have report-
ed that the analgesic efficacy of PENG block for THA is limited
and shown no evidence for the expected analgesic effect [14,19].
Cadaveric studies have found that the anterior QLB spreads to
the lumbar plexus and paravertebral space, with wide dermatomal
spread in the T7-L2 range [20]. Another recent cadaveric study
showed that the anterior (transmuscular) QLB consistently
spreads to the lumbar nerve roots and subcostal nerves compared
with lateral QLB and posterior QLB [9]. Due to infiltration from
the QLM and PM, spread of the QLB to the ilioinguinal, iliohypo-
gastric, lateral cutaneous femoral nerves, genitofemoral nerve,
and obturator nerves differs [21]. Another cadaveric study and
case series demonstrated that the suprailiac approach to the ante-
rior QLB includes T10-L3 dermatomal coverage [8]. Kukreja et
al. [10] reported that the anterior QLB provided effective postop-
erative THA analgesia in the first 48 h postoperatively and re-
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duced opioid consumption.

In a study comparing the combination of the PENG block and
QLB with the PENG block alone for hip revision surgeries, lower
pain scores were observed in the combination group for the first
12-24 h [22].

These differing results for the QLB in cadaveric studies are due
to the widespread area and the inability to predict the distribution
pattern of local anesthesia. Furthermore, given the deep location
of the QLM and the adjacent retroperitoneal and abdominal or-
gans, the clinical use of the QLB is limited. Other factors that limit
its use include the need for advanced technical skill and consider-
able attention to detail [20]. In the current study, both the QLB
and PENG block provided similar analgesic effects, but the PENG
block was more effective in terms of opioid consumption in the
first 6 h postoperatively. Although the advantages of the PENG
block include ease of implementation technically with patient po-
sitioning, the limited duration of analgesia for hip surgery may be
a disadvantage.

As demonstrated in previous studies, administration of the
PENG block [16], QLB [10], or IA injection [12,13] alone contrib-
utes to a reduction in postoperative pain scores and opioid con-
sumption in patients undergoing THA. To the best of our knowl-
edge, however, this is the first randomized controlled study to
compare these three techniques. In a study by Pascarella et al. [16],
the PENG block was found to significantly reduce the 48-h NRS
values; however, as the intervention group could not be blinded, a
strong postoperative evaluation could not be made. Another re-
cent study emphasized that adding a PENG block to IA injection
under general anesthesia does not contribute to the analgesic ef-
fect [19]. For the current study, spinal anesthesia was adminis-
tered to limit high-dose opioid use intraoperatively. Opioid-in-
duced hyperalgesia and opioid tolerance, which may occur fol-
lowing the use of short-acting opioids, were therefore avoided.
The current study results showed that the PENG block signifi-
cantly reduced NRS scores, and opioid consumption was lower at
6 h compared to IA local anesthetic injection.

Femoral, fascia iliaca, and epidural blocks cause delays in mobi-
lization [23]. As a result, length of hospital stay is prolonged, and
complications may develop. One recent study concluded that the
motor-protective effect of the PENG block was superior to that of
the suprainguinal fascia iliaca block [14]. Another study compar-
ing the PENG and femoral blocks in patients with femoral frac-
tures found that the PENG block was better at preserving quadri-
ceps strength. However, it has also been shown that, because of
the medial spread of a high amount of local anesthesia, the PENG
block can cause obturator motor blockade [24]. Although the cur-

rent study results showed that motor function was well preserved
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with the PENG block in the first 3 h postoperatively compared to
the QLB, no difference was found at the other evaluation times.
Given that patients undergoing the PENG block have a shorter
time to mobilization, this block is more frequently preferred for
early mobilization [14,25]. Additionally, unpredictable nerve root
involvement may occur as a result of the QLB spreading in the
fascial compartments and covering a wide network of nerves.

No difference was found among the three methods used in this
study with respect to postoperative patient satisfaction or QoR
scores. Earlier patient mobilization has been associated with fewer
complications, lower mortality rates and pain scores, and shorter
lengths of hospital stay [26,27]. Although the PENG block provid-
ed effective analgesia only at some of the evaluation points, the as-
sociated earlier mobilization increased clinicians’ preference for
this block, especially in the fragile eldery patient group.

This study had some limitations. First, no normal control group
was included. The presence of a control group is essential to eval-
uate the effectiveness of a given block. Nevertheless, data from
previous studies showed that a sham or placebo group would be
unlikely to change the clinical interpretation of these results. Al-
though the study was planned to be prospective and randomized,
the patients may not have been completely blinded because they
were awake while the block was administered. However, based on
the postoperative evaluation questions, the patients appeared to
be unaware which block was performed. Finally, the use of drain-
age for psotoperative follow-up purposes during the surgical pro-
cedure was presumed to reduce the infiltration of bupivacaine
into the surrounding tissue when administered as an IA injection.

In conclusion, the PENG block and QLB provided effective an-
algesia for up to 6 h postoperatively. The PENG block reduced
opioid consumption during the first 6 h compared to IA local an-
esthetic injection. In addition, the motor-protective effect of the
PENG block enabled earlier patient mobilization. However, simi-
lar results were obtained for the PENG block, QLB, and IA injec-

tion with respect to postoperative QoR.
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Effects of dexmedetomidine on
pulmonary function in patients
receiving one-lung ventilation: a meta-
analysis of randomized controlled trial

Lin Yang , Yongheng Cai’, Lin Dan, He Huang, Bing Chen

Department of Anesthesiology, the Second Affiliated Hospital of Chongqing Medical
University, Chongging, China

Background: Mechanical ventilation, particularly one-lung ventilation (OLV), can cause
pulmonary dysfunction. This meta-analysis assessed the effects of dexmedetomidine on
the pulmonary function of patients receiving OLV.

Methods: The Embase, PubMed, MEDLINE, Cochrane Library, ClinicalTrials.gov, and
Chinese Clinical Trial Registry databases were systematically searched. The primary out-
come was oxygenation index (OI). Other outcomes including the incidence of postopera-
tive complications were assessed.

Results: Fourteen randomized controlled trials involving 845 patients were included in
this meta-analysis. Dexmedetomidine improved the OI at 30 (mean difference [MD]:
40.49, 95% CI [10.21, 70.78]), 60 (MD: 60.86, 95% CI [35.81, 85.92]), and 90 min (MD: 55,
95% CI [34.89, 75.11]) after OLV and after surgery (MD: 28.98, 95% CI [17.94, 40.0]) and
improved lung compliance 90 min after OLV (MD: 3.62, 95% CI [1.7, 5.53]). Additionally,
dexmedetomidine reduced the incidence of postoperative pulmonary complications (odds
ratio: 0.44, 95% CI [0.24, 0.82]) and length of hospital stay (MD: —0.99, 95% CI [-1.25,
—0.73]); decreased tumor necrosis factor-a, interleukin (IL)-6, IL-8, and malondialdehyde
levels; and increased superoxide dismutase levels. However, only the results for the OI and
IL-6 levels were confirmed by the sensitivity and trial sequential analyses.

Conclusions: Dexmedetomidine improves oxygenation in patients receiving OLV and
may additionally decrease the incidence of postoperative pulmonary complications and
shorten the length of hospital stay, which may be related to associated improvements in
lung compliance, anti-inflammatory effects, and regulation of oxidative stress reactions.
However, robust evidence is required to confirm these conclusions.

Keywords: Artificial respiration; Dexmedetomidine; Meta-analysis; One-lung ventilation;
Postoperative complications; Respiratory mechanics.

Introduction

Mechanical ventilation, particularly one-lung ventilation (OLV), significantly reduces
lung compliance and ventilation, which leads to pulmonary dysfunction ranging from
temporary minor hypoxia to severe fatal manifestations (e.g., acute respiratory distress
syndrome), especially in patients with pulmonary diseases [1,2]. Pulmonary dysfunction
impairs patient outcomes and substantially increases the burden on the healthcare system
regardless of its severity [3]. However, no protective modalities with consistent efficacy
and safety are available at present [4]. Therefore, anesthesiologists continue to explore

strategies to protect lung function.
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Dexmedetomidine is a selective Alpha-2 agonist with various
clinical uses in anesthesiology and intensive care [1]. Some studies
have reported that in addition to its sedative and cardiovascular
effects, dexmedetomidine also serves a protective function in re-
spiratory mechanics and oxygenation both in animals [5-7] and
in operative patients receiving mechanical ventilation [1,8,9].
However, another study showed that dexmedetomidine did not
confer any protective effects on the lungs [10]. Therefore, this me-
ta-analysis aimed to assess the effects of dexmedetomidine on
pulmonary function in patients receiving OLV and provide reli-

able evidence for its clinical application.

Materials and Methods

This meta-analysis was conducted in accordance with the rec-
ommendations of the Cochrane Handbook for Systematic Reviews
of Interventions and the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) [11] and was registered
with the International Prospective Register of Systematic Reviews
(PROSPERO) database (CRD42022352468). All modifications to
the PROSPERO-registered protocol are described below.

Search strategy

The Embase, PubMed, Medline, Cochrane Library, Clinical-
Trials.gov, and Chinese Clinical Trial Registry databases were
comprehensively searched from their inception to October 21,
2022, by two reviewers (L.Y. and Y.C.) independently according
to the search strategy (Supplementary Material 1), without re-
strictions on language or publication date. The search terms in-
cluded the following: dexmedetomidine, respiratory, lung, pul-
monary, breathing, respiration, oxygenation, PaO,/FiO,, P/F ra-
tio, mechanics, compliance, dynamic compliance, Cdyn, resis-
tance, peak inspiratory pressure, Ppeak, airway peak pressure,
plateau pressure, dead space, transpulmonary pressure, intrapul-
monary shunt, and Qs/Qt. Boolean logical operators were used
to connect search terms. The references of identified trials and
systematic reviews were also manually searched for additional

potentially relevant trials.
Eligibility criteria

The inclusion criteria were as follows: (1) operative patients re-
ceiving OLV; (2) randomized controlled trials (RCTs), irrespective
of language; (3) studies comparing the effects of intravenous dex-
medetomidine infusion with placebo or blank infusion; and (4)

studies with complete data on one of the following outcomes:
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PaO,/FiO, or oxygenation index (OI), lung compliance, airway
resistance, peak inspiratory pressure (Ppeak), plateau pressure
(Pplat), dead space, transpulmonary pressure, and intrapulmo-
nary shunt or Qs/Qt. Publications without full texts available or
with unextractable data were excluded.

Data extraction

Two reviewers (L.Y. and Y.C.) independently used a standard
data extraction form to retrieve relevant data. Discrepancies were
identified and resolved through discussion with a third reviewer
(B.C.) when necessary. The extracted data included details on the
following: first author, country, study design, sample size, publica-
tion date, patient age and sex, interventions, type of surgery, in-
clusion and exclusion criteria, and outcomes.

The primary outcomes were the OI at 30, 60, and 90 min after
OLV and after surgery. Secondary outcomes were lung compli-
ance, airway resistance, Ppeak, Pplat, dead space ventilation,
transpulmonary pressure, Qs/Qt, serum inflammatory factors,
oxidative stress indices, mean arterial pressure (MAP), and heart
rate (HR) at 30, 60, and 90 min after OLV and after surgery; post-
operative pulmonary complications; and length of hospital stay.

Assessment of methodological quality

Two reviewers (L.Y. and Y.C.) independently assessed the quality
of the RCTs based on the guidelines provided in the Cochrane
Handbook for Systematic Reviews of Interventions. A “risk of bias”
table, which included details on the methods used for random se-
quence generation, allocation concealment, blinding, incomplete
outcome data, and selective outcome reporting, was created.
Quantitative assessment of the quality of the RCTs was performed
using a modified Jadad 7-point scale, where a Jadad score > 4 in-
dicates high-quality [12]. The overall quality of each study was
evaluated as “low” or “high” Publication bias was assessed using a

funnel plot when the number of included studies was > 10 [13].

Statistical analysis

Review Manager software version 5.4 (Cochrane Collaboration,
England) was used for this meta-analysis. The incidence of pul-
monary complications was a dichotomous outcome, while the re-
maining outcomes were continuous. Odds ratios (ORs) and 95%
Cls were used to assess dichotomous outcomes, while mean dif-
ferences (MDs) and 95% CIs were used to assess continuous out-
comes. The length of hospital stay and other continuous outcomes

were assessed based on the difference between the value at the ob-
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servational time point and the value before drug treatment. A
meta-analysis was performed when an outcome was reported in
two or more studies. Statistical heterogeneity among the included
studies was assessed using P and I*. A fixed-effects model was ap-
plied when I* < 50% and P > 0.1; otherwise a random-effects
model was used. The inverse variance and Mantel-Haenszel
methods were used to combine separate statistics. Statistical sig-
nificance was set at P < 0.05. A sensitivity analysis was conducted
by omitting one study in turn.

Trial sequential analysis (TSA) software version 0.9.5.10 (Co-
penhagen Trial Unit, Denmark) was used to examine the reliabili-
ty and conclusiveness of the available evidence according to a pre-
vious meta-analysis [14,15]. A sufficient level of evidence was de-
termined to have been reached for the anticipated intervention ef-
fect when the cumulative Z-curve crossed the TSA boundary and
no further studies were needed. In contrast, when the Z-curve
failed to cross the TSA boundary and the required information
size (RIS) was not reached, the evidence was considered insuffi-
cient to reach a conclusion. Two-sided tests with a type I error of
5%, power of 80%, and low bias-based relative risk reduction were
used to calculate the RIS.

Results
Search results

A total of 948 studies were identified, of which 929 were exclud-
ed after screening the titles and abstracts (Fig. 1). After screening
the full text of the remaining 19 articles, one study published in
2017 [16] was excluded because it was extremely similar to anoth-
er study published in 2016 [17]. Two studies by Xia et al. [18,19]
reached the same conclusion; therefore, we only included the lat-
est study [19]. Among the remaining 17 studies, three were ex-
cluded for the following reasons: one was not an RCT [20], one
had no full text available [21], and one assessed the effect of nebu-
lized dexmedetomidine [22]. Thus, 14 RCTs [1,8,9,17,19,23-31],
with 845 total patients, were included in this meta-analysis.

The basic characteristics and interventions are summarized in
Supplementary Table 1. All RCTs were published after 2010.
One RCT [28] was published in the USA, whereas all remaining
RCTs were published in Asia. In one RCT [24], dexmedetomi-
dine was intravenously infused at a rate of 0.3 pg/kg/h, whereas,
in the remaining RCTs, it was infused as a bolus dose of 0.3-1.0
pg/kg over 10 min and then as a continuous infusion at 0.3-0.5

Records identified through Additional records identified
<
S database search (n = 1,347) throuth other sources (n = 6)
5
©
s
= v v
Records after duplicates removed
(n=948)
[=)]
= \ 4
b5 .
o Records screened Records excluded by title and abstract
3 (n =948) (n =929)
— A4
Full-text articles assessed > Full-text articles excluded,
iy for eligibility (n = 19) with reasons (n = 5)
=
E“ 1 Full-text was unavailable,
- v 2 Had very high similarity with another
. . o two published before,
S Studies included in qualitative 1 Was non-RCT
M) synthesis (n = 14) 1 Assessed the effects of nebulized
dexmedetomidine
=}
< v
=
< Studies included in qualitative
- synthesis (meta-analysis)
(h=14)

Fig. 1. “PRISMA” flow diagram.
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pg/kg/h. Two RCTs [1,25] investigated different doses of dexme-

detomidine.

Risk of bias assessment

The quality of the RCTs was assessed using the risk of bias and
modified Jadad scores (Table 1). Five RCTs [1,9,19,25,31] did not
provide details regarding randomization. Five RCTs [8,17,19,
25,28] reported the implementation of allocation concealment us-
ing sealed envelopes. Seven RCTs [8,9,17,19,25,27,28] reported
the use of patient and participant blinding. None of the studies re-
ported blinding of the outcome assessment. Eight RCTs [1,24,26—
31] did not report the number and reasons for patient withdrawal
or loss to follow-up; therefore, we determined that these studies
had incomplete outcome data. The PaO, results in one RCT [1]
were inconsistent with the data shown in the table; therefore, we
concluded that the study selectively reported the outcomes. None
of the other sources of bias were applicable. Eight RCTs
[8,9,17,19,23,25,27,28] with a modified Jadad score > 4 were rat-
ed as high quality.

Meta-analysis results
Oxygenation index

Five [24,26,28,29,31], three [17,26,29], three [17,24,29], and
five [17,23,24,26,31] RCTs reported the OI at 30, 60, and 90 min

Korean J Anesthesiol 2023;76(6):586-596

after OLV and after surgery, respectively. Although the OI de-
creased in both the control and dexmedetomidine groups after
OLV (Fig. 2), dexmedetomidine significantly improved the OI at
30 min (MD: 40.49, 95% CI [10.21, 70.78], P = 0.009), 60 min
(MD: 60.86, 95% CI [35.81, 85.92], P < 0.001), and 90 min
(MD: 55, 95% CI [34.89, 75.11], P < 0.001) after OLV and after
surgery (MD: 28.98, 95% CI [17.94, 40.02], P < 0.001) com-
pared with the control group.

Respiratory mechanics

The following indices were used to assess respiratory mechan-
ics: lung compliance, Pplat, Ppeak, airway resistance, dead space
ventilation, transpulmonary pressure, and Qs/Qt. However, only
lung compliance, Pplat, and Qs/Qt were included in the me-
ta-analysis. Two [1,24] and two [17,24] RCTs reported lung com-
pliance at 30 and 90 min after OLV, respectively. Although dex-
medetomidine did not improve lung compliance 30 min after
OLV (MD: 12.22, 95% CI [-2.82, 27.26], P = 0.11), compliance
improved significantly 90 min after OLV (MD: 3.62, 95% CI [1.7,
5.53], P < 0.001) compared with the control group (Fig. 3). Two
RCTs [1,26] reported Pplat and three studies [1,19,25] reported
Qs/Qt 30 min after OLV. The meta-analysis also showed that dex-
medetomidine did not decrease the Pplat (MD: —10.41, 95% CI
[-25.56, 4.73], P = 0.18; Supplementary Fig. 1) or Qs/Qt (MD:
-7.45,95% CI [-24.88, 9.79], P = 0.40; Supplementary Fig. 2) 30
min after OLV compared with the control group.

Table 1. Quality Assessment of the RCTs based on the Guidelines Provided in the Cochrane Handbook for Systematic Reviews of Interventions and

the Modified Jadad 7-point Scale

Blindingof  Blindingof Incomplete

No selective

Study gseenqelllrzg((:; cgrlllc(:e(zggllqt participants  outcome outcome outcome Ot}:)efrbsi(:llslrce Jadad score  Quality
and personnel assessment data reporting
Asri 2020 [9] ? ? N - v \ v 5 High
Cui 2020 [23] V ? - - Y \ Y 4 High
Gong 2020 [24] \ ? - - - \ Y 3 Low
Gu 2017 [25] ? v v - v \ v 6 High
Guo 2017 [26] y ? - - \ y 3 Low
Jannu 2020 [27] y ? v - - v y 5 High
Jiang 2022 [1] ? ? - - - - y 2 Low
Kernan 2011 [28] y v v - - v y 6 High
Lai 2013 [29] y ? - - - v y 3 Low
Lee 2016 [17] y v v - y v y 7 High
Liu 2020 [30] y ? - - - v y 3 Low
Meng 2020 [31] ? ? - - - v y 2 Low
Xia 2015 [19] ? v - y v y 6 High
Zhu 2020 [8] y y v - y v y 7 High
v: low risk of bias, 2: unclear risk of bias, —: high risk of bias. RCT: randomized controlled trial.
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Dexmedetomidine Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
1.1.1 30 min after OLV
Gong 2020 -18 241 20 -177 247 20 8.4% 59.00 [43.88, 74.12] -
Guo 2017 -109 19.2 62 -179 232 62 9.1% 70.00 [62.50, 77.50] -
Kernan 2011 -199 120 9 -228 96.4 10 1.8% 29.00 [-69.57, 127.57]
Lai 2013 -183 120 n -180 98 n 2.0% -3.00 [-94.56, 88.56]
Meng 2020 -262 31.4 20 -266 354 20 7.8%  4.00 [-16.74, 24.74] T
Subtotal (95% CI) 122 123 29.200 40.49 [10.21, 70.78] -
Heterogeneity: Tau® = 785.06; Chi” = 36.90, df = 4 (P < 0.00001); I” = 89%
Test for overall effect: Z = 2.62 (P = 0.009)
1.1.2 60 min after OLV
Guo 2017 -39 23.2 62 -1n2 252 62 9.0% 73.00 [64.47, 81.53] -
Lai 2013 -192 122 n -249 99.6 n 2.0% 57.00 [-36.07, 150.07]
Lee 2016 41.4 45.3 25 0 553 25 6.9% 41.40 [13.38, 69.42]
Subtotal (95% CI) 98 98 17.9% 60.86 [35.81, 85.92] “"

Heterogeneity: Tau® = 261.01; Chi’ = 4.55, df = 2 (P = 0.10); I’ = 56%
Test for overall effect: Z = 4.76 (P < 0.00001)

1.1.3 90 min after OLV

Gong 2020 -177 44 20 -228 45 20 7.0% 51.00 [23.42, 78.58] —_—

Lai 2013 -201 123 n -283 96 n 2.0% 82.00 [-10.21, 174.21] »
Lee 2016 47 45 25 -10 65 25 6.9% 57.40 [26.01, 87.99] —_—

Subtotal (95% CI) 56 56 15.6% 55.00 [34.89, 75.11] ’
Heterogeneity: Tau® = 0.00; Chi’ = 0.43, df = 2 (P = 0.81); I’ = 0%

Test for overall effect: Z = 5.36 (P < 0.00001)

1.1.4 After surgery

Cui 2020 -40.5 67.56249 29 -65.1 53.61977 28 6.5% 24.60 [-7.01,56.21] -

Gong 202 -68 44.60034 20 -109 4477376 20 7.0% 41.00 [13.30, 68.70] —_—

Guo 2017 -34 21.95837 62 -22.6 26.1023 62 9.0% 19.20 [10.71, 27.69] -

Lee 2016 188.19 50.24812 25 14844 44.09087 25 7.2% 39.75 [13.55, 65.95] e —

Meng 2020 -20 34 20 -59  35.38361 20 7.7% 39.00 [17.49, 60.51] —

Subtotal (95% CI) 156 155 37.4% 28.98 [17.94, 40.02] ’

Heterogeneity: Tau® = 51.74; Chi’ = 591, df = 4 (P = 0.21); I = 32%

Test for overall effect: Z = 5.14 (P < 0.00001)

Total (95% CI) 432 432 100.0% 43.66 [28.94, 58.39] >

Heterogeneity: Tau” = 608.67; Chi’ = 132.54, df = 15 (P < 0.00001); I* = 89% t + + t

Test for overall effect: Z = 5.81 (P < 0.00001) -100 -50 0 50 100

Test for subgroup differences: Chi’ = 8.52, df = 3 (P = 0.04), I’ = 64.8% Favours [control] ~ Favours [dexmedetomidine]

Fig. 2. Forest plot diagram showing the oxygenation index. SD: standard deviation, IV: inverse variance, OLV: one-lung ventilation.

Dexmedetomidine Control Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
1.2.1 30 min after OLV
Gong 2020 -13 4.47 20 -175 4.47 20 249%  4.50[1.73,7.27]
Jiang 2022 22.65 4.01 50 2.8 2.621 25 253% 19.85[18.34, 21.36] il
Subtotal (95% CI) 70 45 50.2% 12.22 [-2.82,27.26] _-___

Heterogeneity: Tau” = 116.51; Chi® = 90.82, df = 1 (P < 0.00001); I* = 99%
Test for overall effect: Z = 1.59 (P = 0.11)

1.2.2 90 min after OLV

Gong 2020 -14.9 4.7 20 -19.2 4.255 20 249% 4.30[1.52,7.08] -
Lee 2016 1.9 4.59 25 -11 4.927 25 24.9% 3.00 [0.36, 5.64] ——
Subtotal (95% CI) 45 45 49.8% 3.62 [1.70, 5.53] <@

Heterogeneity: Tau® = 0.00; Chi’ = 0.4, df = 1 (P = 0.51); I’ = 0%
Test for overall effect: Z = 3.70 (P = 0.0002)

Total (95% Cl) 15 90 100.0% 7.95 [-1.74, 17.64] "‘"
Heterogeneity: Tau® = 96.16; Chi’ = 205.52, df = 3 (P < 0.00001); I” = 99% : : t :
Test for overall effect: Z = 1.61 (P = 0.11) -20 -10 0 10 20
Test for subgroup differences: Chi’ = 1.24, df = 1 (P = 0.27), I = 19.1% Favours [control]  Favours [dexmedetomidine]

Fig. 3. Forest plot diagram showing lung compliance. SD: standard deviation, IV: inverse variance, OLV: one-lung ventilation.

Serum inﬂammatoryfactors flammatory reactions. Three [1,8,26], two [26,30], and four
Tumor necrosis factor (TNF)-aq, interleukin (IL)-6, and IL-8 [8,23,26,30] RCTs reported the TNF-a levels at 30 min after OLV,
were integrated to evaluate the effects of dexmedetomidine on in- 60 min after OLV, and after surgery, respectively. This meta-anal-
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ysis showed that dexmedetomidine decreased the TNF-a levels
significantly 30 min after OLV (MD: -20.38, 95% CI [-34.84,
-5.92], P = 0.006) and after surgery (MD: —19.67, 95% CI
[-34.51, —4.83], P = 0.009), but not 60 min after OLV (MD:
-25.31, 95% CI [-54.48, 3.85], P = 0.09) compared with the con-
trol group (Supplementary Fig. 3). Three [1,8,24] and four
[8,23,24,30] RCTs reported the level of IL-6 30 min after OLV and
after surgery, respectively. Although the IL-6 levels were not sig-
nificantly decreased 30 min after OLV (MD: -13.62, 95% CI
[-34.48, 7.23], P = 0.2), they were significantly decreased after
surgery (MD: -5.52, 95% CI [-8.00, —3.04], P < 0.001) in the
dexmedetomidine group compared with the control group (Sup-
plementary Fig. 4). Two RCTs [1,31] reported IL-8 levels 30 min
after OLV. This meta-analysis found that dexmedetomidine sig-
nificantly decreased the level of IL-8 30 min after OLV (MD:
-37.57, 95% CI [-41.91, —33.24], P < 0.001; Supplementary Fig.

5) compared with the control group.

Serum oxidative stress indices

Malondialdehyde (MDA) and superoxide dismutase (SOD)
were integrated to evaluate the effects of dexmedetomidine on ox-
idative stress reactions. Four [1,19,24,26], two [26,30], and three
[24,26,30] RCTs reported MDA levels 30 min after OLV, 60 min
after OLV, and after surgery, respectively. This meta-analysis
found that dexmedetomidine greatly decreased the MDA levels at
30 min (MD: —-3.47, 95% CI [-5.17, —=1.78], P < 0.001) and 60
min (MD: —0.45, 95% CI [-0.81, —0.08], P = 0.02) after OLV and
after surgery (MD: -0.58, 95% CI [-0.98, —0.17], P = 0.006) com-
pared with the control group (Supplementary Fig. 6). Three
[1,19,24] and two [24,30] RCTs reported MDA levels at 30 min
after OLV and after surgery, respectively. Although SOD levels
were not significantly increased 30 min after OLV (MD: 8.34, 95%
CI [-3.62, 20.3], P = 0.17), they were significantly increased after
surgery (MD: 29.07, 95% CI [22.01, 36.13], P < 0.001) in the dex-
medetomidine group compared with the control group (Supple-

mentary Fig. 7).

Hemodynamic indices

HR and MAP were integrated to evaluate the effects of dexme-
detomidine on hemodynamic indices. Six RCTs [1,9,19,25,28,31]
reported the HR and MAP values 30 min after OLV, and three
RCTs [9,17,25] reported the HR and MAP values 60 min after
OLV. This meta-analysis showed that dexmedetomidine did not
significantly decrease HR at 30 min (MD: -2.13, 95% CI [-4.30,
0.04], P = 0.05) or 60 min (MD: —10.09, 95% CI [-20.48, 0.30],
P = 0.06) after OLV compared with the control group (Supple-
mentary Fig. 8). Additionally, dexmedetomidine did not signifi-
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cantly decrease MAP at 30 min (MD: -1.89, 95% CI [-3.81,
0.04], P = 0.05) or 60 min (MD: —10.25, 95% CI [-22.01, 1.51],
P = 0.09) after OLV compared with the control group (Supple-
mentary Fig. 9).

Postoperative pulmonary complications

Five RCTs [8,17,23,27,31] reported the incidence of postopera-
tive pulmonary complications, including pulmonary infection, at-
electasis, pneumonia, acute respiratory distress syndrome, puru-
lent sputum, prolonged air leakage, and pulmonary embolism.
This meta-analysis showed that dexmedetomidine significantly
decreased the incidence of postoperative pulmonary complica-
tions (OR: 0.44, 95% CI [0.24, 0.82], P = 0.009; Fig. 4) compared

with the control group.

Length of hospital stay

Four RCTs [8,17,27,31] reported the length of hospital stay.
This meta-analysis showed that dexmedetomidine significantly
decreased the length of hospital stay (MD: —0.99, 95% CI [-1.25,
-0.73], P < 0.001; Fig. 5) compared with the control group.

Sensitivity analysis

The sensitivity analysis revealed that significant differences in
the OI at 60 and 90 min after OLV and after surgery, IL-6 levels
after surgery, and length of hospital stay between the dexmedeto-
midine and control groups persisted when one study was omitted
in turn (Supplementary Table 2). The other outcome variables ei-
ther showed no differences or sensitivity analyses could not be

performed as only two RCTs were included.

TSA

The TSA showed that the Z-curves of the OI (Supplementary
Fig. 10) and IL-6 levels (Supplementary Fig. 11) after surgery
crossed the conventional and TSA boundaries, and the Z-curve of
the length of hospital stay (Supplementary Fig. 12) crossed the
conventional boundary but did not cross the TSA boundary.

Discussion

As this study aimed to assess the effects of dexmedetomidine
on pulmonary function in operative patients receiving mechanical
ventilation, the primary protocol of this meta-analysis was intend-
ed to include different types of surgery. However, after compre-
hensively searching the databases, we found several related studies
that included patients undergoing OLV. To reduce bias, we adjust-

ed the inclusion criteria to only include patients who underwent
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Dexmedetomidine Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Mean Total Weight ~ M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Cui 2020 4 29 8 28 22.5% 0.40 [0.11, 1.52] N
Jannu 2020 5 40 4 40 11.2% 1.29[0.32, 5.19]
Lee 2016 0 25 5 25 17.3% 0.07 [0.00, 1.40] ¢ l
Meng 2020 5 20 6 20 14.1% 0.78 [0.19, 3.13] D D
Zhu 2020 4 34 12 33 34.5% 0.23 [0.07,0.82] —
Total (95% Cl) 148 146 100.0% 0.44 [0.24, 0.82] -‘-
Total events 18 35
Heterogeneity: Chi’ = 5.32, df = 4 (P = 0.26); I’ = 25% b : ' |
Test for overall effect: Z = 2.60 (P = 0.009) 0.01 0.1 1 10 100

Favours [dexmedetomidine] ~ Favours [control]

Fig. 4. Forest plot diagram showing postoperative pulmonary complications. IV: inverse variance, OLV: one-lung ventilation.

Dexmedetomidine Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD  Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Jannu 2020 7 4.4 40 10 5.2 40 1.5% -3.00 [-5.11, -0.89]
Lee 2016 6.5 37 25 7.1 3.7 25 1.6% -0.60 [-2.65, 1.45]
Meng 2020 4.1 1.48 20 4.6 1.88 20 6.1% -0.50 [-1.55, 0.55] I
Zhu 2020 7 0.54 34 8 0.59 33 90.8% -1.00[-1.27,-0.73] .
Total (95% Cl) 119 118 100.0% -0.99 [-1.25, -0.73] ’
Heterogeneity: Chi’ = 4.47, df = 3 (P = 0.22); I’ = 33% ; ' ' '
Test for overall effect: Z = 7.54 (P < 0.00001) _4 -2 0 2 4

Favours [dexmedetomidine] ~ Favours [control]

Fig. 5. Forest plot diagram showing the length of hospital stay. SD: standard deviation, IV: inverse variance, OLV: one-lung ventilation.

OLV. Our meta-analysis showed that dexmedetomidine infusion
significantly improved the OI at 30, 60, and 90 min after OLV and
after surgery. These results were confirmed using sensitivity anal-
ysis and TSA, and were consistent with two previous meta-analy-
ses published by Bai et al. [2] and Huang et al. [32], which showed
that intraoperative dexmedetomidine treatment improved oxy-
genation in patients receiving OLV. In addition, studies have re-
ported that nebulized dexmedetomidine treatment improves PaO,
during OLV [22] and intravenous dexmedetomidine treatment
improves oxygenation both in morbidly obese patients undergo-
ing bariatric surgery [33] and in patients with cervical cancer un-
dergoing laparoscopy [34]. Taken together, these data strongly
suggest that intraoperative dexmedetomidine treatment improves
oxygenation in patients receiving mechanical ventilation.

Similar to the findings of the meta-analysis by Bai et al. [2], the
current study also found that perioperative dexmedetomidine ad-
ministration decreased the serum concentrations of TNF-a, IL-6,
and IL-8 in patients receiving OLV. However, the anti-inflamma-
tory effect of dexmedetomidine could not completely explain the
increase in the OI at 30 min after OLV. As respiratory mechanics
directly affect oxygenation, we evaluated the effects of dexmede-
tomidine on respiratory mechanics. This meta-analysis found that
dexmedetomidine infusion significantly improved lung compli-
ance 90 min after OLV. Although our study found that dexmede-
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tomidine had no effect on lung compliance, Pplat, or intrapulmo-
nary shunt 30 min after OLV, a limited number of RCTs were in-
cluded. Moreover, although one meta-analysis [32] found that in-
traoperative dexmedetomidine treatment reduced the intrapul-
monary shunt level during OLV; only five studies were included in
the analysis, two of which were conducted by the same authors.
Lee et al. [17] reported that intraoperative dexmedetomidine
treatment decreased the Ppeak in patients with moderate chronic
obstructive pulmonary disease undergoing lung cancer surgery.
Jannu et al. [27] found that intraoperative dexmedetomidine
treatment improved the forced expiratory volume in 1 s on post-
operative days 1 and 2. Another retrospective study [35] found
that intraoperative dexmedetomidine treatment reduced the
Ppeak and airway resistance at the end of OLV. To the best of our
knowledge, no previous meta-analysis has investigated the effects
of dexmedetomidine on oxidative stress reactions. Our findings
revealed that intraoperative dexmedetomidine treatment de-
creased serum MDA levels and increased serum SOD levels; how-
ever, the number of RCTs included was limited. Thus, although
dexmedetomidine has the potential to improve respiratory me-
chanics and regulate oxidative stress, more high-quality RCTs are
required to confirm these findings.

One concern of intraoperative dexmedetomidine treatment is

cardiovascular side effects. However, our meta-analysis found no
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significant differences in HR or MAP between the dexmedetomi-
dine and control groups. Similarly, one previous meta-analysis
[36], which included 10 RCTs, showed that intraoperative dexme-
detomidine infusion had little effect on MAP and HR during bar-
iatric surgery. Although some meta-analyses [32,37] found that
dexmedetomidine decreased the perioperative MAP and HR,
others [38,39] found that perioperative dexmedetomidine infu-
sions resulted in more stable hemodynamics. These results sug-
gest that dexmedetomidine infusions are not associated with se-
vere cardiovascular side effects.

Finally, we found that intraoperative dexmedetomidine treat-
ment reduced the length of hospital stay and the incidence of
postoperative pulmonary complications. Although the sensitivity
analysis and TSA revealed these results to be inconclusive, they
were highly consistent with those of other meta-analyses [36,40].
Based on the results, the mechanisms by which dexmedetomidine
improves oxygenation and pulmonary function during OLV can
be speculated. Dexmedetomidine inhibits lung inflammation,
regulates oxidative stress, and improves lung compliance, leading
to reduced alveolar edema, increased pulmonary gas exchange,
and enhanced alveolar ventilation. Furthermore, improving oxy-
genation and pulmonary function decreases the incidence of
postoperative pulmonary complications and the length of hospital
stay. Considering the numerous advantages of dexmedetomidine
and the lack of severe cardiovascular side effects, we recommend
that dexmedetomidine be routinely used in patients receiving me-
chanical ventilation.

This meta-analysis had some limitations. First, except for the
OI and IL-6 levels, we were unable to draw definitive conclusions
regarding the remaining outcomes as the sample sizes were small
and some studies were poorly designed. Second, the different
starting times and doses of dexmedetomidine may have affected
the results. Lastly, several of the included studies were performed
in Asia, especially in China, and thus geographical limitations are
present. As we know, authors in the same region may has more
opportunities to communicate, thus, their results may be affected
by each other. Moreover, it is unclear whether the results of this
meta-analysis are suitable for patients in other regions, such as
Europe and Africa.

Overall, intraoperative dexmedetomidine treatment improves
oxygenation in patients receiving OLV and may decrease the inci-
dence of postoperative pulmonary complications and shorten the
length of hospital stay, which may be related to associated im-
provements in lung compliance, anti-inflammatory effects, and
regulation of oxidative stress reactions. However, robust evidence

is required to confirm these conclusions.
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Supplementary Fig. 6. Forest plot diagram showing MDA levels.
SD: standard deviation, IV: inverse variance, MDA: malondialde-
hyde, OLV: one-lung ventilation.

Supplementary Fig. 7. Forest plot diagram showing SOD levels.
SD: standard deviation, IV: inverse variance, SOD: superoxide
dismutase, OLV: one-lung ventilation.

Supplementary Fig. 8. Forest plot diagram showing HR. SD:
standard deviation, IV: inverse variance, HR: heart rate, OLV:
one-lung ventilation.

Supplementary Fig. 9. Forest plot diagram showing MAP. SD:
standard deviation, IV: inverse variance, MAP: mean arterial
pressure, OLV: one-lung ventilation.

Supplementary Table 2. Sensitivity analysis of positive outcomes.
Supplementary Fig. 10. Sequential trial analysis of the OI after
surgery. RIS: required information size. OI: oxygenation index.
Supplementary Fig. 11. Sequential trial analysis of IL-6 levels af-
ter surgery. RIS: required information size.

Supplementary Fig. 12. Sequential trial analysis of length of hos-
pital stay. RIS: required information size.
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Background: Cesarean section is associated with moderate to severe pain and nonsteroi-
dal anti-inflammatory drugs (NSAIDs) are commonly employed. The optimal NSAID,
however, has not been elucidated. In this network meta-analysis and systematic review, we
compared the influence of control and individual NSAIDs on the indices of analgesia, side
effects, and quality of recovery.

Methods: CDSR, CINAHL, CRCT, Embase, LILACS, PubMed, and Web of Science were
searched for randomized controlled trials comparing a specific NSAID to either control or
another NSAID in elective or emergency cesarean section under general or neuraxial an-
esthesia. Network plots and league tables were constructed, and the quality of evidence
was evaluated with Grading of Recommendations Assessment, Development and Evalua-
tion (GRADE) analysis.

Results: We included 47 trials. Cumulative intravenous morphine equivalent consumption
at 24 h, the primary outcome, was examined in 1,228 patients and 18 trials, and control
was found to be inferior to diclofenac, indomethacin, ketorolac, and tenoxicam (very low
quality evidence owing to serious limitations, imprecision, and publication bias). Indo-
methacin was superior to celecoxib for pain score at rest at 8-12 h and celecoxib + pare-
coxib, diclofenac, and ketorolac for pain score on movement at 48 h. In regard to the need
for and time to rescue analgesia COX-2 inhibitors such as celecoxib were inferior to other
NSAIDs.

Conclusions: Our review suggests the presence of minimal differences among the
NSAIDs studied. Nonselective NSAIDs may be more effective than selective NSAIDs, and
some NSAIDs such as indomethacin might be preferable to other NSAIDs.

Keywords: Analgesia; Cesarean section; Non-steroidal anti-inflammatory agents; Obstet-
rical anesthesia; Postoperative pain; Systematic review.

Introduction

Cesarean section is one of the most common operations performed worldwide. It is,
however, associated with moderate to severe pain in almost four fifths of women [1] and,
when compared to many other surgical procedures, it has been reported to be the ninth

most painful operation on the first postoperative day [2]. Pain during and following ce-
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sarean section has been demonstrated to be of greatest concern to
women [3], and inadequate pain relief has been related to negative
effects on breastfeeding and infant care [1], maternal dissatisfac-
tion [4], postpartum depression [5], and chronic pain [5,6].

Nonsteroidal anti-inflammatory drugs (NSAIDs) are common-
ly used as part of a multimodal strategy in the perioperative peri-
od, and provide analgesia by the inhibition of cyclooxygenase en-
zymes that are involved in the formation of hyperalgesic prosta-
glandins [7]. In a meta-analysis that compared control to NSAIDs,
NSAIDs decreased the pain score at rest at 12 h and 24 h and on
movement at 24 h, lowered opioid consumption, and reduced the
risk of sedation, the latter a recognized side effect of opioids [8].
Given this, the procedure specific postoperative pain management
(PROSPECT) recommendations for elective cesarean section in-
clude the intraoperative use of intravenous NSAIDs and postop-
erative use of oral or intravenous NSAIDs [9]. It is still not clear,
however, which NSAID is most effective in the setting of cesarean
section. Different NSAIDs may produce varying pain relief effica-
cy and have differing side effect profiles, and hence a comparative
analysis of NSAIDs is important. Several randomized trials inves-
tigating NSAIDs have been published recently [10,11], and a con-
temporary review would update the available evidence for the use
of NSAIDs in cesarean section.

Our aim in this network meta-analysis and systematic review
was to compare the influence of control and individual NSAIDs
such as diclofenac and ibuprofen on the indices of analgesia, side
effects, and quality of recovery. We hypothesized that we would
establish the overall efficacy of NSAIDs in cesarean section, and

potentially uncover differences among the NSAIDs studied.

Materials and Methods

We prospectively registered the protocol for the systematic re-
view and network meta-analysis with PROSPERO (CRD420
21264209), and our findings have been presented in accordance
with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) [12]. The following databases, CDSR,
CINAHL, CRCT, Embase, LILACS, PubMed, and Web of Science,
were searched from inception to May 27, 2021, for free text key-
words and subject headings associated with different permuta-
tions of terms related to cesarean section, obstetric analgesia,
NSAIDs in general, and specific NSAID drug names (Supplemen-
tary Material 1).

Once duplicate citations were discarded, two authors (IM and
ND) independently screened the titles and abstracts of the re-
maining citations against the inclusion and exclusion criteria in

Rayyan (Qatar Computing Research Institute, 2016, Doha, Qatar)
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[13]. Inclusion criteria were defined as randomized controlled tri-
als that compared a specific NSAID to either control or another
NSAID in the context of elective or emergency cesarean section
under general or neuraxial anesthesia. The timing of NSAID ad-
ministration could be preoperative, intraoperative, and/or postop-
erative, and trials that investigated more than one NSAID, either
combined or in more than one arm, were included. Exclusion cri-
teria included trials in which regional anesthesia or wound cathe-
ters were utilized postoperatively. Trials that included intraopera-
tive local anesthetic infiltration and single-shot transversus ab-
dominis plane block, for example, were included, but those that
used postoperative infusions of local anesthetic through catheters
into the epidural space, transverse abdominis plane, or wound
were excluded. No limits were placed on the language of publica-
tion. Cases of disagreement were resolved by a third author (BC).
If a trial was thought to be eligible for inclusion, then we carried
out a full text review to confirm this. In order to seek further trials
not identified by our search strategy, one author (AC) searched
the reference lists of included trials and previously published sys-
tematic reviews.

Data extraction was conducted and checked by five authors
(IM, AC, PS, JO, and ND). The following characteristics of trials
were extracted: number of patients in each group; nature of cesar-
ean section; mode of anesthesia; intraoperative regional anesthe-
sia and systemic analgesia; dose, route, and timing of NSAID ad-
ministration; regular postoperative analgesia; and management of
postoperative breakthrough pain. The primary outcome was the
cumulative intravenous morphine equivalent consumption at 24
h, and the MCID was prespecified at 10 mg. It is the opinion of
the authors that this outcome is particularly important as it pro-
vides a measure of pain and need for rescue analgesia on the first
postoperative day, and increased opioid consumption has been
associated with side effects such as nausea and vomiting, urinary
retention, constipation, and sleep disturbance that can lead to dis-
tress and interfere with postoperative recovery [14]. In a systemat-
ic review, the clinician perceived the MCID estimate for this pri-
mary outcome in the setting of total hip and knee arthroplasty
was 10 mg and, in the absence of evidence-based and patient-rat-
ed MCIDs, we concurred with this [15]. Secondary outcomes in-
cluded: pain score at rest and on movement at 8-12 h, 24 h, and
48 h; need for rescue analgesia and time to first analgesic request;
cumulative intravenous morphine consumption at 8-12 h, 48 h,
and in-hospital; incidence of postoperative nausea and/or vomit-
ing, pruritus, and sedation at 24 h, 48 h, and in-hospital; quality of
recovery-15 (QoR-15) [16] at 24 h and 48 h; and hospital length
of stay. No other secondary outcomes were considered. We ex-

tracted dichotomous data as numbers and continuous data as
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means and standard deviations. If data were presented as medi-
ans, these were assumed to be equal to the means, and the stan-
dard deviations were calculated by dividing the interquartile range
by 1.35 or the range by 4 as per guidance from the Cochrane Col-
laboration [17]. In cases where data were presented only in graph-
ical format, PlotDigitizer' (Version 2.1, Free Software Founda-
tion, USA) was utilized in order to facilitate numerical extraction.
Opioid conversion was performed with reference to the British
National Formulary [18] and Faculty of Pain Medicine [19].
Where the data were not published or unclear, the authors were
emailed up to three times for clarification.

Subsequent to data extraction, the data were transferred from
Microsoft Excel® (Microsoft, USA) into Stata (Version 16.1,
StataCorp LLC, USA) by one author (ND) and then checked by a
second author (IM). We conducted this network meta-analysis
with a frequentist method on any outcome of interest if three or
more competing interventions could be connected into a network
through direct comparisons between the trials [20,21]. Network
plots were produced for all outcomes subjected to network me-
ta-analysis with a common heterogeneity parameter and multi-
variate methods. In these network plots, the nodes depicted the
interventions and the connecting lines represented the direct
comparisons between the interventions. If interventions were not
directly compared within trials, indirect comparisons via a com-
mon comparator were mathematically derived using results from
the various direct intervention effects. Consistency was locally
and globally assessed between direct and indirect estimates by the
Separating Indirect from Direct Evidence technique and with the
design-by-treatment interaction test, respectively. The results of
comparisons between the different interventions were presented
in network league tables as mean differences and 95% Cls for con-
tinuous outcomes and odds ratios and 95% Cls for dichotomous
outcomes. If serious imprecision was not present for a particular
outcome, competing interventions were ranked in order. We per-
formed pairwise meta-analysis in Review Manager® (Version 5.3,
The Nordic Cochrane Centre, Denmark) for those outcomes that
were not analyzable by network meta-analysis but were reported
by two or more randomized controlled trials. Heterogeneity was
calculated with predetermined thresholds for low (25%-49%),
moderate (50%-74%), and high (= 75%) levels [22], and the fixed
and random effects model used for low and moderate or high het-
erogeneity, respectively. Tests were two-tailed and statistical sig-
nificance was represented at the 5% level. The results were pre-
sented as mean differences and 95% ClIs for continuous outcomes
and risk ratios and 95% ClIs for dichotomous outcomes.

The quality of evidence for every outcome was evaluated by two

authors (IM and ND) using the Grading of Recommendations
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Assessment, Development and Evaluation (GRADE) system [23]
and with the CINeMA software® (Institute of Social and Preven-
tative Medicine, University of Bern, Switzerland). Fundamental
components of quality include: risk of bias, indirectness, impreci-
sion, inconsistency, and publication bias. Risk of bias was deter-
mined by two authors (JO and DO) using the Cochrane Risk of
Bias 2 (RoB 2) tool [24] to examine the following: randomization
process, deviations from intended interventions, missing outcome
data, measurement of the outcome, and selection of the reported
result. Cases of disagreements were resolved by a third author
(ND). Publication bias was examined with a comparison-adjusted

funnel plot and the Egger’s linear regression test.

Results

In all, we included 47 trials in this review [10,11,25-69] and de-
tails of the screening process are illustrated in Fig. 1. The follow-
ing interventions were compared: control vs. celecoxib in two tri-
als [35,46]; control vs. celecoxib + parecoxib in one trial [57]; con-
trol vs. diclofenac in 24 trials [11,25-34,36-43,65-69]; control vs.
diclofenac vs. indomethacin in one trial [44]; control vs. di-
clofenac vs. ketoprofen in one trial [45]; control vs. ibuprofen vs.
ketorolac in one trial [47]; control vs. indomethacin in one trial
[48]; control vs. ketorolac in six trials [10,49-53]; control vs.
naproxen in one trial [54]; control vs. parecoxib in one trial [55];
control vs. tenoxicam in six trials [56,58-62]; diclofenac vs. keto-
profen in one trial [63]; and ketorolac vs. parecoxib in one trial
[64]. The findings of the risk of bias assessment are presented in
Fig. 2. Overall, only four trials were deemed to be at low risk of
bias [10,54,55,68], and 30 and 13 of the remaining trials were
evaluated to have some concerns [25,27-35,37,38,43-45,47,49,52,
53,57-67] or be at high risk of bias [11,26,36,39-42,46,48,50,51,
56,69], respectively. Many of the concerns were related to the ran-
domization process, measurement of the outcome, and the selec-
tion of the reported result. Of the 21 authors we emailed to clarify
on methodology or results, nine responded with the requested in-
formation [38,42,43,50,53,55,61,62,65].

Characteristics of the trials are presented in Table 1. In regard
to the nature of the cesarean section, it was elective, elective or
emergent, and not specified in 30 [10,26,29,31-35,37,38,45,48—
51,53-58,60-62,64-69], six [11,30,40-43], and 11 [25,27,28,36,39,
44,46,47,52,59,63] trials, respectively. The mode of anesthesia was
spinal, combined spinal-epidural (CSE), epidural, or general anes-
thesia in 27 [10,11,29,32-35,37-39,41-44,46,48,50,54-56,60-
64,68,69], two [51,57], three [49,66,67], and 11 [25-28,30,31,47,
53,58,59,65] trials, respectively. Of the remaining trials, one per-

formed spinal or epidural anesthesia [45], two used neuraxial or
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1,611 records excluded
after title and abstract screen

10 studies excluded:
4 unable to obtain full text

4 wrong outcome
2 no extractable data

n Databases searched: No additional records identified
4 CDSR from hand searching or previous
218 Central systematic reviews
201 CINAHL
1,318 Embase
3 LILACS
440 PubMed
_5 430 Web of Science
"::_5
=
=
S v
2,614 records identified through
database searching
v v
1,668 records after duplicates removed
(=]
= v
-
v
g 1,668 records screened
w
Ef v
E 57 full text articles R
2 assessed for eligibility g
w
v
b5 Lo .
= 47 studies included in data
g synthesis

Fig. 1. PRISMA flow diagram summarizing the retrieved, included, and excluded randomized controlled trials. PRISMA: Preferred Reporting

Items for Systematic Reviews and Meta-Analyses.

general anesthesia [40,52], and one did not specify the type of an-
esthesia [36]. Single-shot transversus abdominis plane block was
utilized in one trial [11]. In addition to NSAIDs, women received
propacetamol or paracetamol in four trials [32,33,37,57]. The
route of administration of NSAIDs was as follows: oral in two tri-
als [35,46]; intramuscular in 13 trials [25,27,28,31,34,36,38,
40,43,49,65-67]; intravenous in 16 trials [10,11,39,45,50-
53,55,56,58-62,64]; rectal in 11 trials [26,29,30,32,33,41,42,44,48,
68,69]; oral or intramuscular in one trial [47]; intravenous and
oral in one trial [57]; intramuscular or intravenous in one trial
[63]; and rectal and oral in two trials [37,54]. In 21 trials, just one
dose of NSAIDs was administered [10,11,26,35,36,39,46,
49,55,56,58-63,65-69] and in further 21 trials, more than one
dose or an infusion of NSAIDs was given [25,29-33,37,38,40,42—
45,48,50-54,57,64]. Some trials provided NSAIDs only when the
pain was reported to be at least moderate in intensity [34,41], or
the pain score was greater than or equal to seven on a scale of zero

to 10 [27,28] or higher than or equal to 60 on a scale of zero to

600

100 [47].

Our primary outcome, the cumulative intravenous morphine
equivalent consumption at 24 h, was evaluated in 1,228 patients
and 18 trials [27-29,32-34,37,39,44-46,50,52,55,58,61,62,64]. In
the network plot, nine direct and 12 indirect comparisons were
established between seven interventions (Fig. 3). With an MCID
of 10 mg, control was clinically and statistically inferior to di-
clofenac, indomethacin, ketorolac, and tenoxicam (Table 2). No
other statistical differences were demonstrated between the vari-
ous NSAIDs. Evidence for local or global inconsistency was not
found and the standard deviation of between-trials heterogeneity
was 11.08. Inspection of the comparison-adjusted funnel plot
(Supplementary Fig. 1) and the results of Egger’s test (P = 0.011)
revealed the presence of publication bias. The quality of evidence
was graded as very low (Supplementary Material 2), and the net-
work ranking of interventions was not performed in view of the
serious imprecision (Supplementary Material 3).

Details of the results of the secondary outcomes are presented

https://doi.org/10.4097/kja.23014
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NS
S ‘3&
. \@c N
Q“&
Control vs. celecoxib
Lee et al. 2004 [35] Celecoxib Control Incidence of pruritus at multiple time points (0]
Fong et al. 2008 [46] Celecoxib Control Not specified ]
Control vs. celecoxib + parecoxib , égxensctmcems
Paech et al. 2014 [57] Parecoxib + celecoxib Control Cumulative epidural pethidine consumption at 24 h @ @ Highrisk
Control vs. diclofenac
Bush et al. 1992 [65] Diclofenac Control Not specified 1 (O]
Sun et al. 1992 [66] Diclofenac Control Not specified NN O)
Sun et al. 1993 [67] Diclofenac Control Not specified ! O]
Luthman et al. 1994 [68] Diclofenac Control Cumulative intravenous morphine consumption with PCA ! @
Dennis et al. 1995 [69] Diclofenac Control Not specified ® 0
Lee et al. 1997 [25] Diclofenac Control Not specified ! (0]
Sia et al. 1997 [26] Diclofenac Control Not specified ! (]
Kim et al. 1999 [27] Diclofenac Control Not specified ! @
Lee et al. 1999 [28] Diclofenac Control Not specified ! @
Olofsson et al. 2000 [29] Diclofenac Control Cumulative intravenous ketobemidone c ption with PCA ! (0]
Rashid et al. 2000 [30] Diclofenac Control Not specified ! (O]
Al-Waili et al. 2001 [31] Diclofenac Control Not specified ! (0]
Siddik et al. 2001 [32] Diclofenac Control Cumulative intravenous morphine consumption with PCA ! @
Dahl et al. 2002 [33] Diclofenac Control Cumulative intravenous morphine consumption ! @
Wilder-Smith et al. 2003 [34] Diclofenac Control Time to rescue analgesia ! @
Bourlert et al. 2005 [36] Diclofenac Control Not specified ! [ ]
Munishankar et al. 2008 [37] Diclofenac Control Cumulative intravenous morphine consumption with PCA ! (O]
Surakarn et al. 2009 [38] Diclofenac Control Need for rescue analgesia ! O]
Thienthong et al. 2012 [39] Diclofenac Control Pain score at rest at an unspecified time point ! [
Adamou et al. 2014 [40] Diclofenac Control Not specified ! @
Lotfal.izadeh et al. 2015 [41] Diclofenac Control Not specified ® 0
Olateju et al. 2016 [42] Diclofenac Control Not specified L. X 2 22 ®
Egede et al. 2017 [43] Diclofenac Control Patient satisfaction ® ' ® ® ! ]
Kanta et al. 2021 [11] Diclofenac Control Not specified @ ® @ ! .
Control vs. diclofenac vs indomethacin
Akhavanakbari et al. 2013 [44] Diclofenac or indomethacin Control Pain score, not specified at rest or on movement, at an unspecified time point ! I @ @ ! (0]
Control vs. diclofenac vs ketoprofen
Rorarius et al. 1993 [45] Diclofenac or ketorolac Control Not specified | ! @ @ ! 0]
Control vs. ibuprofen vs ketorolac
Pagnoni et al. 1996 [47] lbuprofen or ketorolac Control Pain score, not specified at rest or on movement, at an unspecified time point @ 1 @ @ ' @
Control vs. indomethacin
Pavy et al. 1995 [48] Indomethacin Control Pain score, not specified at rest or on movement, at an unspecified time point oo oveo o ‘
Control vs. ketorolac
Tzeng et al. 1994 [49] Ketorolac Control Not specified r @e® ' 0
Cohen et al. 1996 [50] Ketorolac Control Not specified ®® o e ! @
Pavy et al. 2001 [51] Ketorolac Control Cumulative epidural meperidine consumption ! @
Lowder et al. 2003 [52] Ketorolac Control Cumulative i morphine equi ion with PCA ! [0)
El-Tahan et al. 2007 [53] Ketorolac Control Blood pressure following induction of general anaesthesia @ o oo e [0)
Khezri et al. 2018 [10] Ketorolac Control Incidence of postoperative shivering @ oo e 6
Control vs. naproxen
Angle et al. 2002 [54] Naproxen Control Incision pain score on sitting at 36 h oo oo e e
Control vs. parecoxib
Inthigood et al. 2017 [55] Parecoxib Control Cumulative intravenous meperidine consumption @ oo e e
Control vs. tenoxicam
Belzarena et al. 1994 [56] Tenoxicam Control Not specified [ J @ ! [ ]
Elhakim and Nafie 1995 [58] Tenoxicam Control Not specified ! @ ®» ' 0
Ro et al. 1997 [59] Tenoxicam Control Not specified ! [N O)
Huang et al. 2002 [60] Tenoxicam Control Not specified [N O)
Hsu et al. 2003 [61] Tenoxicam Control Cumulative intravenous morphine consumption with PCA o ®» 0]
Yeh et al. 2005 [62] Tenoxicam Control Cumulative intravenous morphine consumption with PCA ® e (0]
Diclofenac vs. ketoprofen
Hirahara et al. 2003 [63] Diclofenac Control Not specified 1 [ | @
Ketorolac vs. Parecoxib
Wong et al. 2010 [64] Ketorolac Control Not specified I @ @ | O]

PCA: patient controlled analgesia.

Fig. 2. Risk of bias assessment of included trials using the revised Cochrane tool.

in Table 3 and Supplementary Material 3, and information related
to their network plots, inconsistency plots, contribution plots,
predictive interval plots, and comparison-adjusted funnel plots is
provided in Supplementary Material 4. Differences between
NSAIDs were shown for some of these outcomes. For the pain
score at rest at 8—12 h, indomethacin was clinically and statistical-

ly superior to celecoxib, and for the pain score on movement at 48

https://doi.org/10.4097/kja.23014

h, indomethacin was clinically and statistically superior to cele-
coxib + parecoxib, diclofenac, and ketorolac. In regard to the need
for rescue analgesia, ketoprofen was clinically and statistically su-
perior to celecoxib + parecoxib, and with respect to the time for
rescue analgesia, diclofenac, ibuprofen, indomethacin, and ke-
torolac were clinically and statistically superior to celecoxib. In

terms of side effects, ketoprofen was clinically and statistically su-
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perior to celecoxib + parecoxib for the rate of in-hospital pruritus,
and diclofenac was clinically and statistically superior to control
for the rate of sedation at 24 h and in-hospital. The hospital length
of stay was statistically but not clinically different between di-
clofenac and control.

Discussion

Our systematic review and network meta-analysis demonstrat-

Diclofenac

Control
Indomethacm'
Celecoxib
Ketorolac
o

Tenoxicam

Parecoxib

Fig. 3. Network plot in regard to the need for cumulative intravenous
morphine equivalent consumption at 24 h. Each intervention is
depicted by a circle that is proportional in size to the number of
patients who were randomized to that intervention. Connecting lines
between the circles indicate the direct comparisons of interventions,
their width proportional to the number of trials evaluating the
comparison, and their color representing the average risk of bias.
Green: low risk, yellow: some concerns, red: high risk.

ed that, compared to control, the administration of diclofenac, in-
domethacin, ketorolac, or tenoxicam led to a clinically significant
decrease in the primary outcome, namely cumulative morphine
consumption at 24 h, using an MCID of 10 mg. The quality of ev-
idence, however, was very low due to serious limitations, impreci-
sion, and publication bias. Differences between various NSAIDs
were found, with indomethacin clinically superior to celecoxib
and celecoxib + parecoxib, diclofenac, and ketorolac for the pain
score at rest at 8-12 h and the pain score on movement at 48 h,
respectively, when an MCID of 10 on a pain scale of 0-100 was
applied. Indomethacin may be preferable, although it must be rec-
ognized that the evidence for other NSAIDs continues to emerge
and is currently limited by the presence of imprecision.

In contrast to diclofenac, indomethacin, ketorolac, and tenoxi-
cam, control was not inferior to other NSAIDs such as celecoxib
and parecoxib for the cumulative morphine consumption at 24 h.
It is likely that this could be a reflection of the limited evidence
base for these NSAIDs, resulting in imprecision and wide Cls, and
the different dosing regimens employed in the included trials. In
many trials that investigated diclofenac, indomethacin, and ke-
torolac, more than one dose of the NSAID was administered in 24
h [25,27-33,37,38,40,42-45,48,50~53]. Further, tenoxicam has a
long mean elimination half-life of 67 h [70], explaining its benefi-
cial effects on morphine consumption despite only being given
once in the relevant trials [56,58-62]. Similarly, the various dosing
strategies in the included trials may explain, at least in part, the
superiority of ketoprofen to celecoxib + parecoxib in regard to the
need for rescue analgesia and diclofenac, indomethacin, and ke-
torolac, but not ibuprofen, over celecoxib with respect to the time
to rescue analgesia. Selective COX-2 inhibitors such as celecoxib
have gained popularity as effective analgesics, particularly as they

can produce fewer gastrointestinal side effects [71]. Their inferi-

Table 2. Network League Table for All the Interventions in regard to Cumulative Intravenous Morphine Equivalent Consumption at 24 h

Celecoxib
-14.21 Control
(-36.00, 7.58)
5.66 19.87 Diclofenac
(~17.31, 28.64) (12.56,27.18)*
7.07 21.28 141 Indomethacin
(-21.96, 36.10) (2.09, 40.47)* (-17.78,20.59)
-1.68 12.53 -7.34 -8.75 Ketorolac
(~26.32, 22.96) (1.00, 24.05)* (~20.34, 5.65) (~30.94, 13.44)
-6.12 8.09 -11.78 -13.19 —-4.44 Parecoxib
(~33.53,21.30) (~8.57,24.75) (~29.74, 6.18) (~38.51, 12.14) (-21.26, 12.39)
0.46 14.67 -5.20 —6.61 2.14 6.57 Tenoxicam
(~24.86, 25.78) (1.74,27.59)* (~20.05, 9.64) (~29.75, 16.53) (~15.18, 19.46) (~14.51,27.66)

Estimates are presented as mean differences with 95% CI in parentheses. Mean differences below 0 favor the column intervention and mean
differences above 0 favor the row intervention. *Interventions which are significantly different since the 95% CI does not include 0.
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ority to other NSAIDs could be indicative of their slow absorption
from the small intestine following oral administration [72], and
their relatively homogenous distribution in body tissue in com-
parison to acetic acid derivatives with acidic functional groups
such as diclofenac, ketorolac, and indomethacin. NSAIDs that are
acetic acid derivatives as well as those with high protein binding
can selectively accumulate and persist in areas of inflammation
[72,73], and this may facilitate their increased analgesic effective-
ness at sites of tissue injury subsequent to cesarean section. The
superiority of indomethacin to other NSAIDs might be represen-
tative of its potential to act as a positive allosteric modulator at the
type one cannabinoid receptor, modifying the endocannabinoid
system and increasing its antinociceptive properties [74].

In terms of side effects, diclofenac compared to control resulted
in decreased sedation at 24 h and in-hospital. This probably un-
derlines its capacity to influence the pain score at 8-12hand 24 h
as well as the need for and time to rescue analgesia, hence reduc-
ing the cumulative morphine consumption and these secondary
undesirable effects. Interestingly, in the absence of differences in
the cumulative morphine consumption, ketoprofen decreased the
rate of in-hospital pruritus compared to celecoxib + parecoxib.
NSAIDs do not have any recognized direct antipruritic effects
[75], and it is possible that the lack of difference in the cumulative
morphine consumption was once again a reflection of impreci-
sion rather than absence of true underlying differences.

Our findings corroborate and expand upon the systematic re-
views and meta-analyses conducted to date. Consistent with what
we have shown, in a prior meta-analysis of 22 randomized con-
trolled trials, NSAIDs were reported to be superior to control in
the context of cesarean section for the pain score at 12 h and 24 h
and the cumulative morphine consumption [8]. NSAIDs have
been compared in settings outside that of cesarean section in oth-
er systematic reviews [76-78]. In a previous network meta-analy-
sis of 26 randomized controlled trials, etoricoxib was superior to
celecoxib, ketoprofen, and tenoxicam for pain relief in ankylosing
spondylitis [76], and in a prior systematic review of 76 random-
ized controlled trials, diclofenac, etoricoxib, and rofecoxib were
ranked highest for the reduction of pain in hip and knee osteoar-
thritis [77].

We acknowledge the limitations related to this meta-analysis.
First, there were a limited number of trials comparing different
NSAIDs. Second, few trials were evaluated to be at low risk of
bias, and concerns were present in the remaining trials in regard
to the randomization process, measurements of the outcome, and
the selection of the reported result. Third, the included trials in-
vestigated patients who had emergency and/or elective cesarean

section under neuraxial, with or without intrathecal opioids, or
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general anesthesia. Moreover, the strategy of NSAID administra-
tion was inconsistent with varied dosing, route, and duration.
Such variability introduces heterogeneity, although it increases the
generalizability of the findings. Fourth, the standard practice of
multimodal analgesia with paracetamol was, surprisingly, only
used in a minority of trials. The combination of paracetamol and
NSAIDs has been recommended due to their additive effect
[79,80]. Fifth, a change in the pain score of 10 on a pain scale of
0-100, including in obstetrics, has been revealed to represent a
clinically important difference in the intensity of pain [81]. It is
likely, however, that the MCID for any individual patient may
vary depending on the severity of the pain, with a greater MCID
needed for more severe pain [82]. The MCID for many indices
remains undetermined in cesarean section [83], and the authors
thus used their experience in this systematic review to select the
different thresholds for clinical significance. Sixth, concerns with
respect to imprecision for most outcomes precluded the ranking
of various NSAIDs. Last, we did not examine which NSAID was
best in terms of minimizing transfer to breast milk and increasing
safety in breastfeeding women. Those NSAIDs with low oral bio-
availability, high protein binding, short half-life, and inactive me-
tabolites as well as reassuring data on breast milk transfer and
long record of safe use are likely to be optimal in this respect
[80,84]. Interestingly, ibuprofen is thought to be the ideal NSAID
for women who are breastfeeding, but our results do not provide
sufficient data to confirm its superior properties in the context of
cesarean section.

Our network meta-analysis and systematic review demonstrat-
ed that diclofenac, indomethacin, ketorolac, and tenoxicam com-
pared to control decreased cumulative morphine consumption at
24 h. No differences were found between different NSAIDs in the
cumulative morphine consumption at 24 h, and the quality of evi-
dence was very low. Differences in the secondary outcomes be-
tween various NSAIDs were uncovered, with indomethacin clini-
cally superior to celecoxib and celecoxib + parecoxib, diclofenac,
and ketorolac for the pain score at rest at 8-12 h and the pain
score on movement at 48 h. In light of this emerging but limited
evidence, our review suggests the presence of minimal differences
among the NSAIDs studied. Nonselective NSAIDs may be more
effective than selective NSAIDs, and some NSAIDs such as indo-
methacin might be preferable to other NSAIDs. Further trials
with designs relevant to modern obstetric anesthesia practice are
required to increase the strength and quality of the evidence base
and the recommendations related to the selection of NSAIDs in

the setting of cesarean section.
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Effect of magnesium sulfate on
oxygenation and lung mechanics in
morbidly obese patients undergoing
bariatric surgery: a prospective
double-blind randomized clinical trial

Marwa M. Mowafi, Marwa A. K. Elbeialy,
Rasha Gamal Abusinna

Department of Anesthesiology, Intensive Care and Pain Management, Ain-Shams University
Faculty of Medicine, Cairo, Egypt

Background: Respiratory mechanics are often significantly altered in morbidly obese pa-
tients and magnesium sulfate (MgSO,) is a promising agent for managing several respira-
tory disorders. This study aimed to examine the effects of MgSO, infusions on arterial ox-
ygenation and lung mechanics in patients with morbid obesity undergoing laparoscopic
bariatric surgery.

Methods: Forty patients with morbid obesity aged 21-60 years scheduled for laparoscopic
bariatric surgery under general anesthesia were randomly allocated to either the control
(normal saline infusion) or MgSO, group (30 mg/kg lean body weight [LBW] of 10%
MgSO, in 100 ml normal saline intravenously over 30 min as a loading dose, followed by
10 mg/kg LBW/h for 90 min). The primary outcome was intraoperative arterial oxygen-
ation (A PaO,/FiO,). Secondary outcomes included intraoperative static and dynamic
compliance, dead space, and hemodynamic parameters.

Results: At 90 min intraoperatively, the A PaO,/FiO, ratio and the A dynamic lung com-
pliance were statistically significantly higher in the MgSO, group (mean * SE: 16.1 * 1.0,
95% CI [14.1, 18.1] and 8.4 + 0.5 ml/cmH,0, 95% CI [7.4, 9.4]), respectively), and the A
dead space (%) was statistically significantly lower in the MgSO, group (mean + SE: -8.0 *
0.3%, 95% CI [-8.6, —7.4], P < 0.001). No significant differences in static compliance were
observed.

Conclusions: Although MgSO, significantly preserved arterial oxygenation and main-
tained dynamic lung compliance and dead space in patients with morbid obesity, the clini-
cal relevance is minimal. This study failed to adequately reflect the clinical importance of
these results.

Keywords: Anesthesia; Bariatric surgery; Laparoscopy; Magnesium sulfate; Morbid obesi-
ty; Respiratory mechanics.

Introduction

Bariatric surgery is considered the most effective treatment for patients with mor-
bid obesity as it results in weight loss and has a clear impact on obesity-related comor-
bidities [1].

Morbid obesity is commonly associated with a higher incidence of restrictive lung
diseases [2]. Obese patients often exhibit significant alterations in respiratory mechan-

ics, which can be further aggravated by general anesthesia, such as decreased expirato-
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ry reserve volume (ERV) and functional residual capacity (FRC).
In addition to atelectasis, insufficient oxygenation, reduced chest
and lung compliance, increased lung resistance, and increased
work of breathing have been reported [3,4].

Additionally, morbid obesity is often associated with respiratory
diseases, such as asthma and chronic obstructive pulmonary dis-
ease (COPD). A meta-analysis of more than 300,000 adult pa-
tients found a direct relationship between obesity and asthma,
suggesting that as the body mass index (BMI) increases, the risk
of asthma increases [5]. The mechanisms underlying this relation-
ship may include the mechanical consequences of long-term lung
compression, exaggerated local and systemic inflammation, and
abnormal immunological responses, which are usually altered in
obesity [6]. Moreover, obesity is more prevalent among patients
with COPD than in the general population [7]. Hence, obese pa-
tients are more prone to postoperative acute respiratory failure [8]
and have a higher incidence of pneumonia, prolonged periods of
mechanical ventilation, and weaning difficulty [9-14].

Magnesium sulfate (MgSO,) is a promising agent with favor-
able effects in the management of various respiratory disorders
such as asthma, COPD, and pulmonary hypertension. Endoge-
nous magnesium plays a crucial role in sustaining appropriate
lung function and reducing airway reactivity [15,16]. Magnesium
helps smooth muscle relaxation by blocking calcium release [17].
It also acts through various mechanisms such as T cell stabiliza-
tion, prevention of mast cell degranulation, inhibition of acetyl-
choline release, and stimulation of nitric oxide and prostacyclin
synthesis, thereby reducing airflow obstruction [17]. Several
studies have reported magnesium deficiency in patients with
asthma [18]. Furthermore, low serum magnesium levels are as-
sociated with COPD exacerbation [19].

A recent study found promising results regarding arterial oxy-
genation and lung mechanics with the administration of intraop-
erative magnesium in patients with COPD [20]. We hypothesized
that magnesium supplementation could improve perioperative
oxygenation and lung mechanics parameters in morbidly obese
patients undergoing bariatric surgery. Therefore, this study aimed
to examine the effects of intraoperative MgSO, administration on
arterial oxygenation and lung mechanics in morbidly obese pa-
tients undergoing bariatric surgery.

Materials and Methods

This double-blind, randomized clinical trial was approved by
the Research Ethical Committee of the Faculty of Medicine, Ain
Shams University (Approval number: FMASU R07/2021), and
registered at ClinicalTrials.gov (NCT04769440). This study was
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also conducted in accordance with the ethical principles of the
Helsinki Declaration 2013. A total of 40 patients aged 21-60 years
with a BMI > 40 kg/m” and restrictive lung disease diagnosed by
pulmonary function tests (forced vital capacity [FVC] < 70%)
were enrolled. The included patients were scheduled for laparo-
scopic bariatric surgery < 3 h under general anesthesia and had
no previous history of abdominal surgery.

The exclusion criteria were as follows: refusal to participate in
the study; American Society of Anesthesiologists (ASA) physical
status score > II; history of organ failure (e.g., cardiac, hepatic, or
renal), arrhythmias, or combined restrictive-obstructive pulmo-
nary disease; or use of antiarrhythmic drugs, beta-blockers, or
calcium channel blockers. Patients with any of the following were
also excluded from the study: forced expiratory volume in the first
second (FEV1)/FVC < 70%, pregnancy or lactation, a history of
allergies to the study drugs, and operation time > 3 h.

This study was conducted at hospitals affiliated with Ain Shams
University between March 2021 and February 2022. After all pa-
tients who met the inclusion criteria provided informed consent,
they were randomly assigned to either the MgSO, group or the
control group at a 1 : 1 ratio using a computer-generated table of
random numbers sealed in opaque envelopes. The envelopes were
opened immediately before drug administration. Fifteen minutes
after endotracheal intubation, the patients in the MgSO, group (n
= 20) received an intravenous infusion of 10% MgSO, in 100 ml
normal saline at 30 mg/kg lean body weight (LBW) over 30 min
as a loading dose, followed by 10 mg/kg LBW/h for 90 min. Pa-
tients in the control group (n = 20) received an intravenous infu-
sion of 100 ml of normal saline for 30 min, followed by a saline
infusion at the same rate as the study group for 90 min. The study
drugs were prepared by hospital pharmacists. Moreover, a blinded
anesthetist who did not participate in the study performed patient
follow-up.

Preoperatively, each patient’s medical history and demographic
data (i.e., age, BMI, and ASA physical status score) were recorded,
and a thorough physical examination was performed, including
complete blood count, prothrombin time, activated partial throm-
boplastin time, liver and kidney function tests, serum magnesium
levels, pulmonary function tests, and arterial blood gases. Patients
were instructed to fast for 8 h before the operation.

Upon arrival in the operating room, an intravenous cannula
was inserted. The patient was premedicated with ranitidine (50
mg) and metoclopramide (10 mg). Standard monitoring via non-
invasive blood pressure (NIBP), electrocardiography (ECG), and
pulse oximetry was conducted for all patients, and capnography
was performed after intubation. Baseline readings of the mean ar-

terial pressure (MAP), heart rate (HR), and oxygen saturation
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(SpO,) were also recorded.

LBW was used to calculate the doses of all drugs except neostig-
mine, for which total body weight was used. LBW was calculated
using the James equation as follows: (1.10 x weight) - (128
[weight/height]) for men and (1.07 x weight) — (148 [weight/
height]*) for women [21].

Preoxygenation was performed for 5 min. Anesthesia was in-
duced by slowly administering intravenous fentanyl (2 ug/kg
LBW) and propofol (1.5-2 mg/kg LBW) until loss of response to
verbal commands. Intravenous atracurium (0.5 mg/kg LBW) was
administered to facilitate tracheal intubation. Anesthesia was
maintained with 1.0%-1.5% isoflurane in oxygen at a fraction of
inspired oxygen (FiO,) of 0.4. In the event that the SpO, dropped
below 95%, the FiO, was increased gradually by 0.1. The neuro-
muscular block was maintained with incremental doses of atra-
curium (0.01 mg/kg LBW) every 30 min, guided by peripheral
nerve stimulator monitoring while maintaining a train-of-four
(TOF) count at 1/4. All the measurements were performed using
a TOF count of 1/4.

All the patients were mechanically ventilated. We adopted a
volume-controlled mode of ventilation, maintaining a low tidal
volume of 6-8 ml/kg LBW, and positive end-expiratory pressure
(PEEP) ranging from 8 to 10 cmH,O. End-tidal CO, was main-
tained between 30 and 35 mmHg by adjusting the respiratory rate.

The patients were placed in the reverse Trendelenburg position
and the abdomen was insufflated with CO,, maintaining an in-
tra-abdominal pressure between 14 and 15 mmHg. Ringer’s ace-
tate was administered during the operation, and the total volume
of consumed fluids was calculated. All the surgical procedures
were performed by the same team. Intravenous paracetamol (2 g)
and ketorolac (40 mg) were administered at the end of surgery.
The surgeon then carefully evacuated the CO, from the abdomen,
and the isoflurane treatment was discontinued. Muscle relaxation
was reversed prior to extubation. Once the TOF count reached
2/4, neostigmine 0.05 mg/kg and atropine 0.02 mg/kg LBW were
administered to counteract the remaining muscle relaxant effect.
Once the patients were able to follow verbal commands, they were
transferred to the post-anesthesia care unit (PACU), where they

were closely monitored.

Outcomes

To evaluate the primary and secondary outcomes, the following

variables were recorded.

Primary outcome
To assess the primary outcome of intraoperative arterial oxy-
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genation, we evaluated the A PaO,/FiO,. The PaO,/FiO, ratio was
recorded 5 min after endotracheal intubation (baseline) and 90
min after the drug infusion was initiated. The A PaO,/FiO, ratio
was calculated by subtracting the PaO,/FiO, ratio at baseline from
the PaO,/FiO, ratio 90 min after initiating the drug infusion.

Secondary outcomes

To evaluate the secondary outcomes, static and dynamic lung
compliance, dead space, and hemodynamic parameters were as-
sessed. Static lung compliance was calculated as: tidal volume/
(plateau pressure — PEEP). Dynamic lung compliance was calcu-
lated as: tidal volume / (peak airway pressure — PEEP). Physiolog-
ical dead space was calculated as Vd/Vt = 1.14 (PaCO, - EtCO,)/
(PaCO, - 0.005) using the Hardman and Aitkenhead equation
[22]. Each was recorded 5 min after endotracheal intubation
(baseline) and 90 min after initiating the drug infusion. The A
static compliance was calculated by subtracting the static lung
compliance at baseline from the static lung compliance 90 min af-
ter initiating the drug infusion. The A dynamic compliance was
calculated by subtracting the dynamic lung compliance at baseline
from the dynamic lung compliance 90 min after initiating the
drug infusion. Finally, the A dead space (%) was calculated as fol-
lows: dead space 90 min after initiating the drug infusion - dead
space at baseline/dead space at the end of the drug infusion%.

To assess hemodynamic parameters, the MAP and HR were re-
corded at baseline and every 15 min. In the event that the MAP
dropped > 20% from baseline, vasoactive medications such as
ephedrine were administered, and atropine was administered if
the HR dropped to < 50 beats/min. The Ramsay sedation score
was assessed upon arrival in the operating room, immediately
postoperatively, and 1 h postoperatively [23]. Serum MgSO, levels
were recorded 1 h postoperatively.

The following operative data were recorded: surgical time, in-
traoperative fluids, blood loss, recovery time (defined as the time
from the cessation of isoflurane to the patient complying with or-
ders), and the need for postoperative intensive care unit (ICU)
admission (criteria for admission were SpO, < 88% on a 6-L oxy-
gen mask, signs of altered consciousness [agitation or drowsiness],
tachypnea, and the need for postoperative mechanical ventila-
tion). Postoperative complications such as bleeding or leakage
were also recorded. Patients were transferred to the hospital ward
if the modified Aldrete score was > 9.

Sample size calculation

Using the PASS 11 and setting the power to 0.80 and a to 0.05, a

minimal sample size of two cases in each group was required to
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obtain statistically significant results between the assumed A
PaO,/FiO, (%) in the MgSO, and control groups (A 3.1 + 0.2 and
—-12.2 + 0.5, respectively) [20]. A sample size of 40 patients (20
patients per group) was used to ensure that the sample was repre-
sentative of the entire population.

Statistical analysis

IBM Statistical Package for Social Sciences (SPSS) statistics soft-
ware (version 22.0; IBM Corp., USA) was used to code, tabulate,
and statistically analyze the collected data. Quantitative data were
tested for normality using the Shapiro-Wilk test. Normally dis-
tributed data were compared using the independent t-test (group
comparisons) and paired t-test (time comparisons) and are de-
scribed using the mean + standard deviation (SD). Non-normally
distributed data were compared using the Mann-Whitney test and
are described using the median (first - third interquartile range).
Qualitative data were compared using Fisher’s exact test and are
presented as numbers and percentages. The level of significance

was setata P < 0.05.

Results

While 49 individuals were recruited for this study, eight patients
did not meet the study’s inclusion criteria and one patient de-
clined to participate. Thus, a total of 40 patients were included in
this study. The patients were divided into two groups of 20 pa-
tients each (Fig. 1). Baseline characteristics (age, BMI, FVC,
FEV1/FVC ratio, intraoperative fluids, blood loss, operation dura-
tion, and baseline MgSO, levels) were not statistically significantly
different between the groups (Table 1).

In terms of intraoperative oxygenation, the PaO,/FiO, ratio de-
creased significantly among patients in the control group at 90
min intraoperatively compared with baseline, whereas no signifi-
cant decrease was observed among patients in the MgSO, group
at 90 min intraoperatively compared with baseline. Additionally,
the PaO,/FiO, ratio at 90 min was not significantly different be-
tween the groups; however, the A PaO,/FiO, ratio at 90 min in-
creased in the MgSO, group compared to the control group (mean
+ SD: -0.8 + 1.8 vs. —16.9 * 3.9, respectively), with a statistically
significant difference (mean + SE: 16.1 + 1.0, 95% CI [14.1,
18.1], P < 0.001; Table 2).

In terms of lung mechanics, static compliance was not signifi-

cantly different between the two groups at baseline or at 90 min

Enrollment

Assessed for eligibility (n = 49)

Excluded (n = 9)

>« Not meeting inclusion criteria (n = 8)
* Declined to participate (n = 1)

Randomized (n = 40)

A4

A4 A” t A4
{ ocation )

Allocated to MgSO0, group (n = 20)
« Received allocated intervention (n = 20)
« Did not receive allocated intervention (n = 0)

Allocated to Control group (n = 20)
« Received allocated intervention (n = 20)
« Did not receive allocated intervention (n = 0)

L

v Follow-up v

J

Lost to follow-up (n = 0)
« Discontinued intervention (n = 0)

Lost to follow-up (n = 0)
« Discontinued intervention (n = 0)

A 4 L Analysis v

J

Analyzed (n = 20)
* Excluded from analysis (n = 0)

Analyzed (n = 20)
* Excluded from analysis (n = 0)

Fig. 1. CONSORT patient selection flowchart.
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Table 1. Comparison of Baseline Characteristics between the Study Groups

Variable MgSO, group (n = 20) Control group (n = 20) P value
Age (yr) 324 + 45 337 + 4.2 0.334
BMI (kg/m”) 492 + 22 485 + 27 0.367
FVC 62.8 £ 1.3 633+ 14 0.304
FEV1/FVC 785+ 1.5 79.1 £ 2.0 0.292
Intraoperative fluids (ml) 872.0 + 39.1 884.0 + 424 0.358
Blood loss (ml) 243.5 + 49.0 257.5 + 49.7 0.376
Operation duration (min) 121.8 + 11.0 1184 + 11.0 0.334
Baseline MgSO, (mg/dl) 1.6 £ 03 1.5+03 0.622

Values are presented as mean + SD. MgSO, group: magnesium sulfate infusion group, Control group: normal saline infusion group. BMI: body
mass index, FVC: forced vital capacity, FEV1: forced expiratory volume in one second.

Table 2. Comparison of Intraoperative Oxygenation between the Study Groups

Parameter Time MgS0, group Contml group P value* Effect size
(n = 20) (n = 20) Mean + SE 95% CI
Intraoperative oxygenation Baseline 317.7 £ 24.1 315.5 + 40.2 0.832 2.3 +10.5 -19.1,23.6
(PaO,/FiO, ratio) Minute 90 3169 + 235 298.6 + 41.1 0.093 184 + 10.6 —-3.3,40.0
P value' 0.057 < 0.001*
A Minute 90 -08 £ 1.8 -169 + 3.9 < 0.001* 16.1 + 1.0 14.1,18.1

Values are presented as mean + SD. MgSO, group: magnesium sulfate infusion group, Control group: normal saline infusion group. PaO,: partial
pressure of oxygen in arterial blood, FiO,: fraction of inspired oxygen concentration, A: delta (time — baseline). Effect size: value of MgSO, relative
to control. *Comparison between the groups. "Comparison within groups. *P value < 0.05; statistically significant.

Table 3. Comparison of Lung Mechanics between the Study Groups

Parameter Time MgSO, group  Control group P value* Effect size
(n = 20) (n = 20) Mean + SE 95% CI
Static compliance (ml/cmH,0O) Baseline 429+ 5.0 412 + 3.8 0.235 17+ 14 -1.2,4.6
Minute 90 427 + 4.8 409 + 3.4 0.181 1.8+ 1.3 -0.9,4.5
P value' 0.096 0.069
A Minute 90 -0.2 £ 0.6 -04 + 0.8 0.515 0.2 +£0.2 -0.3,0.6
Dynamic compliance (ml/cmH,0)  Baseline 416 + 6.1 39.7 £ 49 0.297 18+ 1.7 -1.7,54
Minute 90 41.3 £ 6.0 31.1 £ 55 < 0.001* 103 £ 1.8 6.6,13.9
P value' 0.056 < 0.001"
A Minute 90 -0.3 £ 0.6 -8.7 + 2.1 < 0.001* 84+ 05 74,94
Dead space (%) Baseline 184 + 3.6 173 + 3.3 0.321 1.1+ 1.1 -1.1,3.3
Minute 90 18.2 + 3.8 25.1 + 33 < 0.001* -69 + 1.1 -9.2,-4.6
P value' 0.204 < 0.001"
A Minute 90 -0.3 + 0.9 78 £ 1.1 < 0.001* -8.0 £ 0.3 -8.6,-7.4

Values are presented as mean + SD. MgSO, group: magnesium sulfate infusion group, Control group: normal saline infusion group. A: delta
(time - baseline). Effect size: value of MgSO, relative to control. *Independent t-test (comparison between groups), "Repeated measures ANOVA
(comparison within groups), ‘P value <0.05 was considered statistically significant.

intraoperatively. In addition, static compliance at 90 min com-
pared to baseline was not significantly different between the two
groups (Table 3). In contrast, dynamic compliance was signifi-
cantly higher in the MgSO, group than in the control group at 90
min intraoperatively (P < 0.001). Although dynamic compliance

decreased significantly at 90 min in the control group compared

https://doi.org/10.4097/kja.22446

to baseline (P < 0.001), no significant difference was found at 90
min in the MgSO, group compared to baseline (Table 3).

In terms of dead space, no significant differences were observed
in the MgSO, group at 90 min intraoperatively compared to base-
line, whereas a significant increase was observed in the control

group (P < 0.001). In the between-group comparison, the dead
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space was significantly higher in the control group than in the
MgSO, group at 90 min postoperatively (P < 0.001) (Table 3).
The A dynamic lung compliance was higher in the MgSO, group
than in the control group at 90 min intraoperatively (mean + SD:
-0.3 + 0.6 ml/cmH,0O vs. -8.7 + 2.1 ml/cmH,0, respectively),
with a statistically significant difference (mean + SE: 8.4 £ 0.5
ml/cmH,0, 95% CI [7.4, 9.4], P < 0.001). Additionally, the A
dead space (%) was lower in the MgSO, group than in the control
group (mean = SD: —0.3 + 0.9% vs. 7.8 £ 1.1%, respectively),
with a statistically significant difference (mean + SE: -8.0 +
0.3%, 95% CI [-8.6, —7.4], P < 0.001; Table 3).

120 A

Regarding hemodynamic parameters, no significant be-
tween-group differences were noted in the mean HR and MAP at
baseline. However, the mean intraoperative HR and MAP were
significantly lower in the MgSO, group than in the control group
from 30 to 90 min (P < 0.001) (Figs. 2 and 3).

Postoperative MgSO, and A MgSO, levels were significantly
higher in the MgSO, group than in the control group (P < 0.001).

No significant differences were noted between the groups in
terms of duration of recovery (P = 0.219) (Table 4).

In addition, no significant differences were found between the

MgSO, and the control groups regarding the need for ICU admis-
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Fig. 2. Comparison of the intraoperative heart rate (HR) between the study groups. Lines are the mean data and error bars are the standard

deviation. *P < 0.001 compared to the control group.
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Fig. 3. Comparison of the intraoperative mean arterial pressure (MAP) between the study groups. Lines are the mean data and error bars are the

standard deviation. *P < 0.001 compared to the control group.
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Variable MgSO, group  Control group P value* Effect size
(n = 20) (n = 20) Mean + SE 95% CI
Postoperative MgSO, (mg/dl) 29+03 15+ 0.3 < 0.001" 13 +0.1 11,15
AMgSO, (mg/dl) 13+ 0.1 0.0 + 0.1 < 0.001' 13 + 00 12,13
Recovery duration (min) 199 £ 1.9 19.1 £ 2.1 0.219 0.8 £ 0.6 -0.5,2.1
Sedation score Baseline 1.6 + 0.5 1.6 + 0.5 0.757 -0.1 +0.2 -0.4,0.3
Immediately post-operation 32+08 3107 0.838 0.0 £02 -04,0.5
1 h post-operation 2.6 £ 0.5 2.7 +£0.5 0.531 -0.1 £0.2 -0.4,0.2

Values are presented as mean + SD. MgSO, group: magnesium sulfate infusion group, Control group: normal saline infusion group. A: delta (time
- baseline). Effect size: value of MgSO, relative to control. *Comparison between the groups. 'P value < 0.05; statistically significant.

sion or invasive ventilation postoperatively. Three patients (15%)
in the MgSO, group experienced postoperative hypoxia in the
PACU that required ICU admission compared to five patients
(25%) in the control group (relative risk [RR] = 0.60, 95% CI
[0.17, 2.18], P = 0.695). In addition, two patients (10%) in the
MgSO, group required invasive ventilation compared to four pa-
tients (20%) in the control group (RR = 0.50, 95% CI [0.10, 2.43],
P = 0.661). No significant differences in sedation scores were
found between the two groups at baseline, immediately postoper-
atively, or 1 h postoperatively (Table 4). Additionally, none of the
patients in either group developed any other postoperative com-
plications such as bleeding or leakage.

Discussion

This study demonstrated that infusing MgSO, intraoperatively
has protective effects on arterial oxygenation and lung mechanics
in morbidly obese patients with restrictive lung disease undergo-
ing bariatric surgery under general anesthesia. MgSO, significant-
ly preserved arterial oxygenation by inhibiting a reduction in the
intraoperative PaO,/FiO, ratio. Furthermore, MgSO, was able to
maintain dynamic lung compliance (no significant decrease) and
dead space (no significant increase) during general anesthesia and
mechanical ventilation; however, the clinical relevance of these
findings is minimal.

To our knowledge, this is the first clinical study to examine the
effects of intraoperative MgSO, infusion on arterial oxygenation
and lung mechanics in morbidly obese patients undergoing bar-
iatric surgery.

Obesity has been shown to cause alterations in lung physiology,
including increased respiratory rate, reduced lung volume, dimin-
ished chest and lung compliance, increased airway resistance (re-
ferred to as decreased lung volume, small airway closure, and air-
way remodeling by proinflammatory adipokines), and increased

oxygen consumption. Furthermore, obesity has been associated
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with an increased alveolar-arterial oxygen gradient caused by ven-
tilation-perfusion mismatch due to microatelectasis, which wors-
ens in the supine position [24]. Obesity-related increases in adi-
pose tissue mass are associated with enhanced mast cell prolifera-
tion. Since mast cells are the primary mediators of allergies, obesi-
ty-induced mast cell proliferation may represent a potential path-
way for airway illnesses in obese individuals [25].

Patients with morbid obesity are at risk of rapid oxygen desatu-
ration upon general anesthesia induction because the FRC is de-
creased by approximately 50% compared to preoperative values
[4]. The impact of general anesthesia is further intensified by me-
chanical ventilation and the use of muscle relaxants, which may
compromise pulmonary function, lung compliance, and gas ex-
change owing to the development of atelectasis. Additionally, the
patients position and use of the pneumoperitoneum may lead to
further impairment [26,27].

In our study, administering MgSO, maintained the arterial oxy-
genation by preventing a reduction in the intraoperative PaO,/
FiO, ratio. However, given the small effect size of our study, the
clinical significance of these findings is minimal. MgSO, may pre-
serve intraoperative arterial oxygenation in patients with obesity
by promoting both pulmonary vasodilation and bronchodilata-
tion, leading to improved perfusion and ventilation. In general,
the therapeutic effects of magnesium may be attributed to its ef-
fects as a calcium antagonist [28,29].

MgSO, can enhance vasodilation by relaxing the tone of the
vascular smooth muscles. Moreover, MgSO, promotes the local
synthesis of vasodilator substances such as nitric oxide and pros-
taglandins (e.g., prostacyclin) [30]. In terms of magnesium-in-
duced bronchodilation, various experimental data suggest that
several pathways may be involved, such as the suppression of cho-
linergic neuromuscular transmission, inhibition of calcium-in-
duced muscle contractions, attenuation of histamine release, re-
versal of magnesium depletion following B-adrenergic therapy,

and enhancement of the effects of B-agonists on adenylyl cyclase
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[31-34]. Magnesium also has sedative properties that help people
relax and achieve anxiolysis, particularly during acute bronchoc-
onstriction [30].

Additionally, magnesium relaxes rabbit bronchial smooth mus-
cles in a dose-dependent manner when exposed to histamine,
bethanechol, or electrical impulses [31]. Similarly, magnesium in-
creases the percentage of the bronchial cross-sectional area in
dogs following histamine-elicited bronchoconstriction in vivo and
relaxes histamine-induced contractions of guinea pig tracheal
strips in vitro [35].

Furthermore, MgSO, has been found to have bronchodilation
effects regardless of baseline serum magnesium levels, even after
short periods of drug infusion [27]. These findings could help ex-
plain the positive effects of MgSO, infusions on dynamic compli-
ance and dead space observed in this study. Our results are similar
to those of a previous study conducted by Ahmed et al. [20],
which showed that an intraoperative infusion of MgSO, resulted
in mild perioperative protective effects against both arterial oxy-
genation and lung mechanics in patients with moderate COPD
following laryngectomy under general anesthesia.

In the current study, the post-infusion serum magnesium level
in the Mg group was 2.9 + 0.3 mg/dl, which is lower than levels
associated with magnesium toxicity. Loss of the patellar reflex oc-
curs with plasma levels of 9.6-12 mg/dl, whereas respiratory de-
pression occurs at levels of 12-18 mg/dl [36].

MgSO, is readily accessible and affordable, with few side effects
when administered at reccommended doses [37]. It has a rapid on-
set of action when administered intravenously, which is critical in
emergencies. In addition, intravenous MgSO, is rapidly eliminat-
ed from the kidneys. However, this is both a therapeutic opportu-
nity and a challenge. As maximal renal tubular reabsorption of
magnesium occurs at normal serum levels and renal clearance in-
creases linearly with higher concentrations, achieving a sustained
spasmolytic effect is not easy [38]. The infusion rate, rather than
the overall dosage or infusion time, has a greater impact on the
maximum serum level throughout treatment. Since it was first
described in 1936, the ideal bolus dose of intravenous MgSO, has
not yet been identified. Consequently, a wide dose range of 25-
100 mg/kg has been used [38-42].

MgSO, has been found to have several therapeutic effects in
clinical anesthesia, including enhancing postoperative analgesia
and reducing the consumption of other anesthetics, opioids, and
hypnotics [37]. However, the adverse effects are generally moder-
ate and include intravenous injection pain, residual neuromuscu-
lar blockade, and hypotension. Hypermagnesemia is an uncom-
mon complication that usually affects patients with renal failure

who are receiving medicines containing magnesium [43]. Howev-
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er, close monitoring is still needed to promptly detect and manage
adverse events [44]. No magnesium-related complications were
observed in this study.

This study had some limitations. As we enrolled only morbidly
obese patients with restrictive lung disease, our findings cannot
be generalized to other patient populations. Additionally, this
study only included patients who underwent bariatric surgery;
therefore, our results should be validated using other surgical pro-
cedures. Finally, because intraoperative MgSO, infusions were not
maintained until the end of the procedure, outcomes may vary
with longer infusions or greater plasma concentrations.

In conclusion, the intraoperative administration of MgSO, in-
fusion significantly preserved arterial oxygenation and main-
tained dynamic lung compliance and dead space in morbidly
obese patients; however, the clinical relevance of these findings is
minimal. This study failed to adequately reflect the clinical impor-

tance of these results.
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Effects of sevoflurane on
metalloproteinase and natural killer
group 2, member D (NKG2D) ligand
expression and natural Killer cell-
mediated cytotoxicity in breast cancer:
an in vitro study

Hyae Jin Kim"?, Soeun Jeon’, Hyeon Jeong Lee'”, Jacho Bae™’,
Hyun-Su Ri’, Jeong-Min Hong'”, Sung In Paek’, Seul Ki Kwon’,
Jae-Rin Kim', Seungbin Park’, Eun-Jung Yun®’

'Department of Anesthesia and Pain Medicine, Pusan National University School of Medicine,
’Biomedical Research Institute, Pusan National University Hospital, Busan, *Department of
Anesthesiology and Pain Medicine, School of Dentistry, Institute for Translational Research in
Dentistry, Kyungpook National University, Daegu, ‘Department of Biochemistry, Pusan
National University School of Medicine, Yangsan, PNU BK21 Plus Biomedical Science
Education Center, Pusan National University School of Medicine, ‘Department of
Anesthesiology and Pain Medicine, Kyungpook National University School of Medicine, Daegu,
"Department of Internal Medicine, Seoul National University College of Medicine, Seoul, Korea

Background: We investigated the effects of sevoflurane exposure on the expression of ma-
trix metalloproteinase (MMP), expression and ablation of natural killer group 2, member
D (NKG2D) ligands (UL16-binding proteins 1-3 and major histocompatibility complex
class I chain-related molecules A/B), and natural killer (NK) cell-mediated cytotoxicity in
breast cancer cells.

Methods: Three human breast cancer cell lines (MCF-7, MDA-MB-453, and HCC-70)
were incubated with 0 (control), 600 (S6), or 1200 pM (S12) sevoflurane for 4 h. The gene
expression of NKG2D ligands and their protein expression on cancer cell surfaces were
measured using multiplex polymerase chain reaction (PCR) and flow cytometry, respec-
tively. Protein expression of MMP-1 and -2 and the concentration of soluble NKG2D li-
gands were analyzed using western blotting and enzyme-linked immunosorbent assays,
respectively.

Results: Sevoflurane downregulated the mRNA and protein expression of the NKG2D li-
gand in a dose-dependent manner in MCF-7, MDA-MB-453, and HCC-70 cells but did
not affect the expression of MMP-1 or -2 or the concentration of soluble NKG2D ligands
in the MCF-7, MDA-MB-453, and HCC-70 cells. Sevoflurane attenuated NK cell-mediat-
ed cancer cell lysis in a dose-dependent manner in MCF-7, MDA-MB-453, and HCC-70
cells (P = 0.040, P = 0.040, and P = 0.040, respectively).

Conclusions: Our results demonstrate that sevoflurane exposure attenuates NK cell-medi-
ated cytotoxicity in breast cancer cells in a dose-dependent manner. This could be attribut-
ed to a sevoflurane-induced decrease in the transcription of NKG2D ligands rather than
sevoflurane-induced changes in MMP expression and their proteolytic activity.

Keywords: Breast neoplasms; Inhalation anesthetics; Matrix metalloproteinases; Natural
killer cells; Sevoflurane; Tumor escape.
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Introduction

In 2020, breast cancer surpassed lung cancer as the most com-
mon cancer worldwide, accounting for 12.5% of cancer diagnoses
[1]. The incidence of breast cancer continues to increase, with a
projected increase of > 40% in new cases and > 50% in deaths by
2040 [1]. Approximately 88% of patients with breast cancer un-
dergo at least one anesthetic and surgical treatment within one
year of diagnosis [2]. However, surgery and anesthesia are associ-
ated with an increased release of inflammatory mediators and an-
giogenic factors, and cause postoperative immunosuppression, re-
sulting in tumor progression [3].

The natural killer group 2, member D (NKG2D) ligands,
UL16-binding proteins (ULBP) 1-3, and major histocompatibility
complex class I chain-related molecules (MIC) A/B, which are ex-
pressed on the surface of cancer cells, bind to active receptors on
natural killer cells (NK cells), transmitting signals and allowing
NK cells to recognize and eliminate cancer cells [4]. A reduction
in the expression of NKG2D ligands can impair the cytotoxicity of
NK cells against cancer cells, leading to immune evasion and dis-
ruption of the cancer immunosurveillance system [5].

Matrix metalloproteinases (MMPs) are Zn”—dependent endo-
peptidases that play a critical role in tumor progression by promot-
ing extracellular matrix and basement membrane degradation,
leading to cell detachment and migration [5,6]. MMPs also pro-
mote neovascularization and contribute to tumor angiogenesis
[5,6]. Moreover, recent cancer immunological studies have demon-
strated that MMPs cleave and remove NKG2D ligands [5-7].
MMP-induced shedding of NKG2D ligands confers several advan-
tages to cancer cells for immune evasion [8,9]. First, it reduces the
density of NKG2D ligands on the surface of cancer cells, thereby
impairing their susceptibility to NK cells [8,9]. Moreover, the
cleaved ligands (soluble NKG2D ligands) retain their ability to
bind to the NKG2D receptors on NK cells [8,9]. This cleaved li-
gand-receptor engagement not only hinders the activation signal-
ing of the receptor, but also triggers the internalization and down-
modulation of the NKG2D receptor on NK cells [8,9].

The modulation of surgery-related factors in clinical practice re-
mains challenging and requires an enhanced understanding of the
effects of anesthesia-related factors on cancer recurrence and sur-
vival rates. Therefore, elucidating the effects of anesthetics on the
breast cancer microenvironment is essential for optimal anesthesia
management and an improvement in postoperative outcomes.

In this study, we investigated the effects of sevoflurane, a com-
mon general anesthetic, on MMP expression and NKG2D-medi-
ated NK cell cytotoxicity in breast cancer cells. We evaluated the
effects of sevoflurane on MMP expression, NKG2D ligand expres-
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sion and ablation, and NK cell-mediated cytotoxicity in breast

cancer cells.

Materials and Methods
Cell lines and reagents

This study was conducted using the following three breast can-
cer cell lines: estrogen receptor (ER)- and progesterone receptor
(PR)-positive human breast cancer cell line MCF-7 (Korean Cell
Line Bank, Korea), human epidermal growth factor receptor 2
(HER2)-positive human breast cancer cell line MDA-MB-453
(Korean Cell Line Bank), and triple-negative human breast cancer
cell line HCC-70 (Korean Cell Line Bank) [10]. All cell lines were
maintained in RPMI-1640 medium supplemented with 10% fetal
bovine serum and 1% penicillin (Welgene, Korea). Because sevo-
flurane is a strong organic solvent capable of interacting with plas-
tic materials to produce impurities [11], breast cancer cells were
cultured in poly-L-lysine-coated (Sigma-Aldrich, USA) glass cul-
ture dishes.

The human NK cell line, NK92-MI (ATCC, USA), was main-
tained in an a-minimum essential medium containing fetal bo-
vine serum (12.5%), horse serum (12.5%), 2 mercaptoethanol (0.1
mM), and L-glutamine (2 mM). All cell lines were cultured ac-
cording to their specifications and incubated at 37°C in humidi-

fied air containing 5% CO,.

Sevoflurane treatment

As previously described [12-14], 100 pl sevoflurane (Sevo-
prane; Ilsung, Korea) was diluted in 10 ml RPMI-1640 medium
and stirred for a half-hour in an airtight, amber-colored glass
bottle. The concentration of sevoflurane was determined using
the preliminary data obtained from our gas chromatogra-
phy-mass spectrometry analysis (GCMS-QP2010 Plus; Shimad-
zu, Japan) as (mean [SD]): 3.92 (1.26) mM. The sevoflurane stock
was serially diluted to 1200 and 600 uM (S12 and S6, respective-
ly) immediately before the experiments. Kharasch et al. [15] si-
multaneously measured the end-tidal sevoflurane concentration
and plasma concentration of sevoflurane during general anesthe-
sia and revealed that the average peak plasma concentration of
sevoflurane reached 772 uM at an end-tidal sevoflurane concen-
tration of 2.7% (equivalent to 1.3 minimum alveolar concentra-
tion). Consequently, we assumed clinically relevant concentra-
tions of sevoflurane at 600 uM during general anesthesia. Fur-
thermore, to investigate the dose-response relationship, we ad-

ministered an additional dose of sevoflurane at a concentration
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of 1200 M, which was higher than the recommended dose. The
corresponding concentration of distilled water in the RPMI 1640
media were used as controls (0 uM).

The MCF-7, MDA-MB-453, and HCC-70 cells were then ex-
posed to sevoflurane for 4 h. To account for evaporation-induced
concentration reduction, both the sevoflurane and control group
solutions were replaced every hour (Fig. 1) [13,14]. Previous
studies [12,13] have shown that despite the volatility of sevoflu-
rane, the concentration of the sevoflurane solution dissolved in
cell culture media remains stable, with a < 10% loss over a one-
hour period.

mRNA expression analysis was performed 18 h after treatment
completion, while the other experiments (cell viability test, flow
cytometry assay for surface expression of NKG2D ligands, west-
ern blotting analysis, enzyme-linked immunosorbent assay [ELI-
SA] for soluble NKG2D ligands, and flow cytometry assay for
NK cell-mediated cytotoxicity) were performed 24 h after treat-

ment completion (Fig. 1).

Cell viability test

The MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazoli-
um bromide) assay is based on the principle that mitochondrial
activity in living cells converts MTT into formazan crystals. These
crystals are dissolved following the addition of dimethyl sulfoxide
(DMSO) and detected spectrophotometrically at 540 nm, with the
absorbance directly proportional to cell viability [16]. As previ-
ously described [14], the MCF-7, MDA-MB-453, and HCC-70

cells were plated in 96-well plates (1 x 10 cells/well) and incubat-
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ed with the control or S12 solution for 4 h. Twenty-four hours lat-
er, the cells were incubated with the MTT solution (Sigma-Al-
drich) for 4 h. The supernatant was discarded and the formazan
crystals were dissolved using DMSO. The absorbance at 540 nm
was determined using a microplate spectrophotometer (uQuant;
Bio Tek, USA).

mRNA expression analysis of NKG2D ligands

The mRNA expression analysis method used has been described
previously [14]. Briefly, after a 4-h treatment and an additional 18-h
incubation period, cancer cells were harvested (Fig. 1). The total
RNA was extracted from the cells using a RNeasy®Mini kit (Qiagen
GmbH, Germany). Reverse transcription polymerase chain reac-
tion (RTPCR) and multiplex PCR were performed. For denatur-
ation, 3 pg extracted total RNA and 100 pmol random primers (Ta-
kara Shuzo, Japan) were incubated at 65°C for 5 min and chilled at
4°C for 4 min. Next, 6 pl of the 5x reaction buffer, 4 ul deoxynucle-
otide triphosphate (10 mM; Promega Co., USA), and 1.2 ll M-MLV
RT (Promega Co.) were added and incubated at 37°C for 60 min-
utes. Multiplex PCR was performed using a QIAGEN® Multiplex
PCR kit (Qiagen GmbH). The primer sets used to evaluate NKG2D
gene expression were as follows: 1) MICA: ribosomal protein L19
(RPL19), MICA, and -actin genes and 2) MICB and ULBP 1-3:
RPL19, MICB, ULBP1-3, and B-actin genes. The primer sequences
are listed in Table 1. All the experiments were performed according
to the manufacturer’s instructions. PCR products were quantified
using a microchip electrophoresis system MCE®-202MultiNA (Shi-

madzu, Japan). For normalization, the mRNA band intensity of

« Cell viability test

1st Tx. 2nd Tx. 3rd Tx. 4th Tx. « Flow cytometry assay for surface expression of NKG2D ligands

: Change media : Change media : Change media : Change media « Western blotting analysis
:C,S6,512 :C, S6,S12 :C,S6,512 :C, S6,S12 « ELISA for soluble NKG2D ligands

: : : « Flow cytometry assay for NK cell-mediated cytotoxicity

) \\ ) \\ Q) \ A\ A

§ gk g &= -] « mRNA expression analysis

A
Th Th Th Th ( 18 h o
<% Incubation (37°C, 5% CO,, humidified air) >

Fig. 1. Experimental protocol used in the study. Treatment (1200 [S12], 600 [S6], and O [control, C] uM) was administered for 4 h, and each
sevoflurane and control group solution was replaced on an hourly basis. mRNA expression analysis was performed 18 h after completion of the
4-h treatment. The other tests were performed 24 h after the 4-h treatment.
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each NKG2D ligand was divided by that of the p-actin. To assess
relative gene expression ratios, the normalized mRNA band intensi-

ty of the treated samples was divided by that of the controls.

Flow cytometry assay for surface expression of NKG2D
ligands

The flow cytometry assay for the surface expression of NKG2D
ligands was performed using the method described in our previ-
ous study [14]. Briefly, after a 4-h treatment and an additional
24-h incubation period (Fig. 1), the cells were harvested and incu-
bated with 10 pg/ml mouse anti-MICA/B and ULBP1-3 or the
corresponding isotype controls (anti-IgG2a or anti-IgG2b; R&D
Systems, USA). Samples were then incubated with goat an-
ti-mouse phycoerythrin (PE)-conjugated antibodies (BD Biosci-
ences, USA). The mean fluorescence intensity (MFI) was mea-
sured using a FACSCanto II flow cytometer (BD Biosciences) and
quantified using Flow]Jo (version 10.6.1; TreeStar, USA). The MFIs
of the treated samples were divided by those of the controls to as-

sess the relative expression ratios.

Western blot analysis for determining protein
expression of MMPs

After a 4-h treatment and an additional 24-h incubation period
(Fig. 1), western blot analysis was performed to evaluate MMP-1
and -2 expression. The cells were washed three times with cold
phosphate-buffered saline and lysed in a PRO-PREP protein ex-

traction solution (Intron, Korea). Equal amounts of cell extracts

Table 1. List of Primers Used in Multiplex RTPCR

were resolved by 4%-20% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis and analyzed by western blotting. The separat-
ed proteins were transferred onto polyvinylidene difluoride mem-
branes (Millipore, USA). The membranes were then blocked with
3% BSA in Tris-buffered saline containing 0.1% Tween 20 at room
temperature. The proteins of interest were detected using primary
antibodies (MMP-1 and -2; Cell Signalling, USA) and horseradish
peroxidase-conjugated secondary antibodies (Enzo Life Sciences,
USA) according to the manufacturer’s instructions, and a chemi-
luminescence imaging system (AE-9150 Ez-capture II; Atto, Ja-
pan) was used to analyze the results. Each blot was probed with
anti-B-actin antibodies (Sigma-Aldrich). Band intensity was
quantified using Image] software (version 1.53; National Institutes
of Health, USA). Protein expression in the treated cells was divid-
ed by that in the control cells to calculate relative protein expres-

sion ratios.

Enzyme-linked immunosorbent assay (ELISA) for
soluble NKG2D ligands

Breast cancer cells (4 x 106 cells) were plated on 60-mm glass
culture dishes. After a 4-h treatment and an additional 24-h incu-
bation period (Fig. 1), cell culture supernatants were centrifuged
at 5000 rpm for 5 min at 4°C, and aliquots were stored at —80°C
until further use. The levels of soluble NKG2D ligands (MICA for
MCF-7 and MDA-MB-453; MICB for HCC-70) in the cell culture
supernatant were measured using ELISA kits (MICA Human
ELISA kit, Invitrogen, USA; Human MICB ELISA kit, MyBio-

Source, USA) following the manufacturer’s protocol. The absor-

Name Polarity Sequence (5' > 3') Amplicon length (bp)

MICA Sense TTGAGCCGCTGAGAGGGTGGC 460
Anti-sense GGGAGAGGAAGAGCTCCCCATC

MICB Sense GCCCCCTGACCCCTTGTTCC 358
Anti-sense GGGCTGGTCAACTTGGCGAAA

ULBP1 Sense TGGCTGGTCCCGGGCAGGAT 266
Anti-sense GAATGTCAAGCAGTTGCCCTTTAAGGAAA

ULBP2 Sense TCAAACTCGCCCTTCTGTCTGGC 194
Anti-sense GCAGGAATTCCATCAGGTAGCACCA

ULBP3 Sense AGGTCTTATCTATGGGTCACCTAGAAG 132
Anti-sense TGAAATCCTCCAGCTCAGTGTCAGC

RPL19 Sense ATGCTCAGGCTTCAGAAGAGGCTCG 550
Anti-sense TGATGATCTCCTCCTTCTTGGCCTG

B-actin Sense TCCATCCTGGCCTCGCTGTC 93
Anti-sense GCATTTGCGGTGGACGATGG

RTPCR: reverse transcriptase polymerase chain reaction, MICA/B: MHC class I chain-related molecules A/B, ULBP: UL16-binding proteins,

RPL19: ribosomal protein L19.
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bance at 450 nm was measured using a microplate spectropho-
tometer (Synergy H1; BioTek, USA). The samples were loaded in
duplicate, and the mean soluble NKG2D ligand values were used
for analysis.

Flow cytometry assay for NK cell-mediated cytotoxicity

After a 4-h treatment and an additional 24-h incubation period
(Fig. 1), target cancer cells (MCF-7, MDA-MB-453, and HCC-70)
were stained with carboxyfluorescein diacetate succinimidyl ester
(CFSE; CellTrace™; Invitrogen) and co-cultured with NK92-MI
cells, effector cells, for 4 h. With cellular cytotoxicity assays, opti-
mizing the effector-to-target cell (E:T) ratio is crucial for maxi-
mizing and distinguishing differences in cytotoxicity among treat-
ment groups. Typically, higher E:T ratios result in enhanced NK
cell cytotoxicity because an increased number of effector cells rel-
ative to target cells leads to greater cytotoxicity [17]. The recom-
mended E:T ratio for flow cytometry cytotoxicity assays is < 10:1
[18]. As previously reported [14], we determined the E:T ratio to
be between 1:1 (e.g, BT = 1 x 10°: 1 x 10°) and 10:1 (e.g., E:T
=1 x 10°: 1 x 10°), with 10:1 as the optimal ratio. Co-cultured
cells were labelled with 1 ug/ml propidium iodide (PI; Invitrogen).
A FACSCanto™ II flow cytometer and BD FACSDiva™ Software
(BD Biosciences) were used. The percentage of NK cell-mediated
lysis (%) was calculated using the following equation:

Q
SInTh 100

where Q2 represents CFSE-positive and PI-positive cells and
Q3 represents CESE-positive and PI-negative cells.

Statistical analysis

MedCalc® (version 20; MedCalc Ltd., Belgium) and IBM SPSS
Statistics (version 25; IBM Corp., USA) were used for statistical
analyses. Variables are presented as medians with the first and
third quartiles (Q1, Q3). For comparisons between groups,
Mann-Whitney U tests or Kruskal-Wallis tests were performed. If
the Kruskal-Wallis test was significant, post-hoc comparisons us-
ing the Conover method were conducted.

Our trial consisted of a zero-dose control group (C) and two
sevoflurane treatment groups (S6 and S12) that received increas-
ing doses of sevoflurane in the following order: C, S6, S12. As a
secondary outcome, the dose-response relationship was evaluated
using the Jonckheere-Terpstra trend test. Statistical significance
was setat P < 0.05.
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Results

Effect of sevoflurane on cell viability assessed by MTT
assay

Sevoflurane was not found to affect the viability of MCE-7,
MDA-MB-453, or HCC-70 cells. The relative cell viabilities (%)
related to the controls measured by MTT assay were as follows
(median [Q1, Q3]): MCF-7 at S12: 100.2 (92.4, 118.9), P = 1.000;
MDA-MB-453 at S12: 101.4 (96.2, 109.0), P = 1.000; and HCC-
70 at S12: 89.4 (87.3, 107.0), P = 0.305 (n = 6 per group).

Effect of sevoflurane on the mRNA expression of
NKG2D ligands

The results of sevoflurane exposure on the mRNA expression of
NKG2D ligands are summarized in Fig. 2 (n = 6 per group). In
MCE-7, MDA-MB-453, and HCC-70 cell lines, mRNA expression
of MICA, MICB, ULBP2, and ULBP3 was observed, but the ex-
pression of ULBP1 was not observed.

In MCE-7 cells, the relative mRNA expression ratios of MICB
at S6 and S12 were lower than those in the controls (Kruskal-Wal-
lis test: P = 0.013). In MDA-MB-453 cells, the relative mRNA ex-
pression ratios of MICA at S6 and S12 were lower than those in
the controls (Kruskal-Wallis test: P = 0.013) and the relative sur-
face expression ratio of ULBP3 was downregulated at S12 com-
pared with the controls (Kruskal-Wallis test: P = 0.044). In HCC-
70 cells, the relative mRNA expression ratios of ULBP2 and
ULBP3 at S6 and S12 were lower than those in the controls (Krus-
kal-Wallis test: P = 0.002 and P = 0.003, respectively).

The secondary outcome results showed a dose-response rela-
tionship in MCF-7 cells, demonstrating significantly lower relative
mRNA expression levels of MICA, MICB, ULBP2, and ULBP3 in
response to increasing concentrations of sevoflurane (Jonck-
heere-Terpstra trend test: P = 0.015, P = 0.008, P = 0.036, and P
= 0.043, respectively). Similarly, sevoflurane downregulated the
mRNA expression of MICA and ULBP3 in MDA-MB-453 cells in
a dose-dependent manner (Jonckheere-Terpstra trend test: P =
0.002 and P = 0.029, respectively). Likewise, sevoflurane down-
regulated the mRNA expression of MICA, MICB, ULBP2, and
ULBP3 in HCC-70 cells in a dose-dependent manner (Jonck-
heere-Terpstra trend test: P = 0.043, P = 0.043, P = 0.006, and P
= 0.012, respectively).
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Fig. 2. Effect of sevoflurane on the mRNA expression of NKG2D ligands. Results were analyzed using Kruskal-Wallis tests with post-hoc Conover
comparisons. Variables are presented as the median with the first and third quartiles (n = 6 per group). C: control group, S6: sevoflurane 600
uM group, S12: sevoflurane 1200 uM group, ULBP: UL16-binding proteins, MICA/B: major histocompatibility complex class I chain-related
molecules A/B, RPL19: ribosomal protein L19. *P < 0.05 compared to C.
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Effect of sevoflurane on surface expressions of NKG2D  NKG2D ligand surface expression (n = 6 per group). Consistent
ligands assessed by flow cytometry

with mRNA expression, ULBP1 was rarely expressed on the sur-
face of the MCF-7, MDA-MB-453, and HCC-70 cell lines.

Fig. 3 summarizes the results of the flow cytometry analysis of In MCEF-7 cells, MICA and ULBP2 were predominantly ex-

MCF-7
1.2 4

104 — _—
0.8 -
0.6 -

0.4 1

Relative mRNA expression ratio

0.2

0.0

OO
nuv o

MICA  MICB ULBP2

MDA-MB-453
1.2

104 A - -
0.8 -
06 | |*

*t

0.4 1

0.2 A

Relative mRNA expression ratio

ULBP3

0.0
MICA MICB  ULBP2

HCC-70

0.8

0.6

0.4

0.2

Relative mRNA expression ratio

0.0

ULBP3

]
mOoo
nunon

MICA  MICB ULBP2

ULBP3

MICA MICB ULBP2 ULBP3

Unstained A
S6
S12
0
03

1

(@]

PE o 10°

MICA MICB

\\\ Unstained
\ c
56
S12
E o 10° 0

10°

P

MICA MICB ULBP2 ULBP3

\Unstain
S
0 1

ed
S6
12
T --O-. T L BB | Ridas o ™T AR §
3
% o8

C

PE

Fig. 3. Effect of sevoflurane on surface expressions of NKG2D ligands assessed by flow cytometry. Results were analyzed using Kruskal-Wallis tests
with post-hoc Conover comparisons. Variables are presented as the median with the first and third quartiles (n = 6 per group). C: control group,
S6: sevoflurane 600 UM group, S12: sevoflurane 1200 uM group, ULBP: UL16-binding proteins, MICA/B: major histocompatibility complex class
I chain-related molecules A/B, PE: phycoerythrin. * and P < 0.05, compared with C and S6, respectively.
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pressed; the relative surface expression ratios of MICA and
ULBP2 at S6 and S12 were downregulated compared to those in
the controls (Kruskal-Wallis test: P = 0.002 and P < 0.001, re-
spectively).

MDA-MB-453 cells predominantly exhibited surface expres-
sion of MICA and ULBP2. The relative surface expression ratios
of MICA, ULBP2, and ULBP3 at S6 and S12 were lower than
those in the controls (Kruskal-Wallis test: P < 0.001, P = 0.003,
and P = 0.004, respectively).

In HCC-70 cells, MICB, ULBP2, and ULBP3 were predomi-
nantly expressed. The relative surface expression ratios of MICA,
MICB, ULBP2, and ULBP3 at S6 and S12 were downregulated
compared with those in the controls (Kruskal-Wallis test: P =
0.002, P = 0.017, P = 0.002, and P = 0.013, respectively).

In the dose-response analysis, we observed significantly lower
relative surface expression ratios of MICA, MICB, and ULBP2 in
MCE-7 cells with increasing concentrations of sevoflurane (Jon-
ckheere-Terpstra trend test: P < 0.001, P = 0.024, and P < 0.001,
respectively). Similarly, sevoflurane decreased the relative surface
expression ratios of MICA, ULBP2, and ULBP3 in MDA-MB-453
cells in a dose-dependent manner (Jonckheere-Terpstra trend test:
P < 0.001, P = 0.002, and P = 0.001, respectively). Likewise,
sevoflurane downregulated the relative surface expression ratios
of MICA, MICB, ULBP2, and ULBP3 in HCC-70 cells in a
dose-dependent manner (Jonckheere-Terpstra trend test: P =
0.001, P = 0.010, P < 0.001, and P = 0.029, respectively).

Effect of sevoflurane on protein expression of MMP
assessed by western blot analysis

Western blot analysis revealed no changes in the protein expres-
sion of MMP-1 and -2 between the control and sevoflurane treat-
ment groups in MCF-7, MDA-MB-453, and HCC-70 cells (Fig.
4A;n = 6 per group).

In MCE-7 cells, the median (Q1, Q3) of the relative protein ex-
pression ratio of MMP-1 was as follows: controls, 1.7 (0.9, 2.4); S6,
1.6 (0.8, 2.5); and S12, 1.5 (0.7, 2.3). P values for the Kruskal-Wal-
lis and Jonckheere-Terpstra trend tests were 0.519 and 0.258, re-
spectively. The median (Q1, Q3) of the relative protein expression
ratio of MMP-2 was as follows: controls, 1.3 (0.8, 2.4); S6, 1.3 (1.1,
2.0); and S12, 1.3 (0.8, 2.1). P values for the Kruskal-Wallis and
Jonckheere-Terpstra trend tests were 0.854 and 0.686, respectively.

In MDA-MB-453 cells, the median (Q1, Q3) of the relative pro-
tein expression ratio of MMP-1 was as follows: controls, 1.3 (0.9,
1.5); S6, 2.0 (0.9, 5.3); and S12, 1.5 (0.7, 3.9). P-values for the Kru-
skal-Wallis and Jonckheere-Terpstra trend tests were 0.653 and
0.628, respectively. The median (Q1, Q3) of the relative protein
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expression ratio of MMP-2 was as follows: controls, 0.9 (0.5, 1.1);
S6, 0.8 (0.7, 0.9); and S12, 0.8 (0.8, 1.3). P values for the Krus-
kal-Wallis and Jonckheere-Terpstra trend tests were 0.778 and
0.746, respectively.

In HCC-70 cells, the median (Q1, Q3) of the relative protein
expression ratio of MMP-1 was as follows: controls, 1.7 (1.0, 2.3);
S6, 1.2 (0.8, 1.7); and S12, 1.4 (0.8, 2.1). P-values for the Krus-
kal-Wallis and Jonckheere-Terpstra trend tests were 0.423 and
0.293, respectively. The median (Q1, Q3) of the relative protein
expression ratio of MMP-2 was as follows: controls, 0.8 (0.4, 1.0);
S6, 0.7 (0.4, 1.0); and S12, 0.9 (0.4, 1.0). P values for the Krus-
kal-Wallis and Jonckheere-Terpstra trend tests were 0.911 and
0.808, respectively.

Sevoflurane did not affect the soluble NKG2D ligand
concentration assessed by ELISA

According to the ELISA results, no significant changes were de-
tected in the levels of soluble NKG2D ligands between the control
and sevoflurane-treated groups in MCF-7, MDA-MB-453, or
HCC-70 cells (Fig. 4B, n = 6 per group).

According to the Jonckheere-Terpstra test results, no dose-re-
sponse relationship was identified. P values for the MCF-7, MDA-
MB-453, and HCC-70 cells were 0.467, 0.125, and 0.686, respec-
tively.

Effect of sevoflurane on NK cell-mediated cytotoxicity
assessed by flow cytometry

The flow cytometry results are shown in Fig. 5 (n = 4 per
group). In all cell lines, NK cell-mediated cytotoxicity at S6 and
S12 was lower than that in the controls. Compared with the con-
trols, the P values were as follows: MCF-7 at S6: 0.005 and MCF-7
at S12: 0.005; MDA-MB-453 at S6: 0.005 and MDA-MB-453 at
S12: 0.005; and HCC-70 at S6: 0.005 and HCC-70 at S12: 0.005
(Fig. 5; effect cells:target cells = 10:1, n = 4 per group).

Analysis of the secondary outcomes using the Jonckheere-Terp-
stra trend test revealed that sevoflurane reduced NK cell-mediated
cytotoxicity in MCF-7, MDA-MB-453, and HCC-70 cells in a
dose-dependent manner (effector cells:target cells = 10:1; P =
0.040, P = 0.040, and P = 0.040, respectively).

Discussion

In this study, we demonstrated that sevoflurane downregulated
the mRNA and protein expression of NKG2D ligands in human

breast cancer cell lines in a dose-dependent manner. However,
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Fig. 4. Effect of sevoflurane on MMP expression and concentration of soluble NKG2D ligands. Variables are presented as medians with the first
and third quartiles (n = 6 per group). (A) Western blot analysis was performed to evaluate MMP-1 and -2 expression (Supplementary Fig. 1).
The protein expression levels of MMP-1 and -2 between the control and sevoflurane-treated groups in MCF-7, MDA-MB-453, and HCC-70 cells
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Fig. 5. Effect of sevoflurane on NK cell-mediated cytotoxicity assessed by flow cytometry. Results were analyzed using Kruskal-Wallis tests with
post-hoc Conover comparisons. Variables are presented as the median with the first and third quartiles (n = 4 per group). Target cancer cells (T;
MCEF-7, MDA-MB-453, and HCC-70) were stained with carboxyfluorescein diacetate succinimidyl ester (CFSE) and co-cultured with NK92-MI
cells (effector cells [E]) at a 1:1 ratio (e.g., E-T =1 x 10°: 1 x 10°) or 10:1 (e.g., E:T = 1 x 10° : 1 x 10°). PI: propidium iodide, C: control group, S6:
sevoflurane 600 uM group, S12: sevoflurane 1200 M group. *P < 0.05 compared to C.

sevoflurane was not found to affect the expression of MMP-1and first reported in the 2000s. Since then, several preclinical and clin-
-2 or the concentration of proteolytically cleaved soluble NKG2D ical studies have been conducted to identify the potential effects
ligands. Furthermore, sevoflurane attenuated NK-cell-mediated ~ of anesthetics and anesthesia methods on breast cancer prognosis
cancer cell lysis in a dose-dependent manner. [19-21]. Although preclinical trials have suggested potential asso-

The association between anesthetics and cancer recurrence was  ciations between anesthetic agents and breast cancer invasion and
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metastasis, the results of clinical research comparing these effects
remain inconclusive [19]. A recent meta-analysis, in a subgroup
analysis of breast cancer based on a prospective and three retro-
spective clinical studies, reported that recurrence-free survival
and overall survival rates of breast cancers did not improve when
total intravenous anesthesia was used compared with inhalation
anesthesia (hazard ratio [HR], 95% CI of recurrence-free survival:
0.83 [0.59, 1.15]; overall survival: 1.12 [0.90, 1.39]) [22]. Sessler et
al. [23] conducted a multicenter randomized controlled trial and
demonstrated that recurrence-free survival did not differ between
sevoflurane-based general and regional anesthesia with propofol
(adjusted HR, 95% CI: 0.97 [0.74, 1.28]).

Our results demonstrate that sevoflurane suppresses NK cell-
mediated cancer cell lysis in a dose-dependent manner. Consistent
with our results, previous studies have demonstrated a potential
association between sevoflurane exposure and the inhibition of
NK cell activity and have suggested various underlying mecha-
nisms in breast cancer patients [24,25]. In a pilot clinical trial con-
ducted on ten breast cancer patients, sevoflurane-based general
anesthesia reduced the expression of the NK cell-activating recep-
tor (CD16) and their cytokines (interleukin [IL]-1p and IL-10) and
decreased NK cell-mediated cytotoxicity [24]. Similarly, in another
randomized controlled trial that included 50 participants, NK
cell-mediated cytotoxicity decreased after breast cancer resection
under sevoflurane-based anesthesia with fentanyl analgesia [25].

In our previous study on a non-small cell lung cancer cell line,
sevoflurane administered at an anesthetic dose decreased NKG2D
ligand expression and NK cell-mediated cytotoxicity. This effect
was attributed to the suppression of NKG2D ligand transcription
and an increase in MMP expression [14]. However, the present
study on breast cancer cell lines suggests a different mechanism
for the reduction of NK cell-mediated cytotoxicity by sevoflurane.
We propose that sevoflurane directly inhibits the transcription of
NKG2D ligands rather than the NKG2D ligand shedding induced
by increased MMP expression.

Previous studies examining the effects of sevoflurane on MMP
expression in breast cancer have yielded conflicting results [26,27].
Deegan et al. [26] reported that, following primary breast cancer
surgery, sevoflurane with opioid anesthesia increased the serum
levels of MMP-3 and MMP-9, but not MMP-1, compared to
propofol with a paravertebral block. In contrast, Galos et al. [27]
demonstrated no difference in the serum levels of MMP-3 and
MMP-9 before or after sevoflurane-based anesthesia in patients
with breast cancer. These discrepancies could be attributed to the
heterogeneity in cancer subtypes, patient characteristics, and an-
esthetic exposure regimens. However, only a limited number of

studies have evaluated the effects of anesthetic agents on NK cell
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ligand expression in breast cancer.

Our study had a few limitations. First, as this was an in vitro
study, our results are not directly applicable to animals or humans.
Second, the present study was not designed to elucidate the mo-
lecular mechanism by which sevoflurane affects the expression of
NKG2D ligands and MMPs; therefore, further studies are war-
ranted to understand the detailed mechanism. Third, sevoflurane
was the only anesthetic agent used in this study. Consequently,
whether our results represent a universal phenomenon associated
with higher concentrations of anesthetics or are specific to sevo-
flurane remains unknown. For a comprehensive understanding of
our findings, additional research using other anesthetic agents
such as propofol is necessary.

In summary, sevoflurane was found to attenuate NK cell-medi-
ated cancer cell lysis in a dose-dependent manner, which could be
attributed to the sevoflurane-induced decrease in the transcrip-
tion of NKG2D ligands rather than sevoflurane-induced changes
in MMP expression and their proteolytic activity. Further research
is essential to elucidate the effects of sevoflurane on immune es-

cape and immunosurveillance in breast cancer.
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Breathing circuit leak - an unexpected finding

Owing to the decreased risk of pulmonary cross-contamination as-
sociated with disposable breathing circuits, their use is increasing.
However, these circuits may be a source of airway obstruction or
leakage [1]. Leaks in the breathing circuit occur in more than 50% of
tested circuits, and most are resolved during routine machine checks
[2]. We report a case of breathing circuit leakage due to an uninten-
tional human error that occurred intraoperatively. Written informed
consent for publication of this report was obtained from the patient.

A female patient aged 17 years and weighing 40 kg was scheduled
for a left frontal craniotomy and left frontal bleed evacuation. She had
a Glasgow Coma Score of 15 and no motor deficits. The patient was
known to have atrial and ventricular septal defects with tricuspid
atresia, and her oxygen saturation was 88 percent on room air. Before
the start of the case, the anesthesia machine (Dréger Primus; Dréger-
werk AG & Co, Germany) passed a routine self-test as per manufac-
turer’s recommendation, with no errors detected. No leaks or defects
were observed in the newly attached disposable anesthesia breathing
circuit. After anesthesia induction, the orotracheal intubation was
done with a 7.0-mm inner diameter endotracheal tube (ETT) and
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connected to the ventilator via a disposable breathing circuit. Anes-
thesia was maintained with sevoflurane in an air-oxygen mixture
(50%) at a flow rate of 2.0 L/min. An oxygen saturation of 98%-100%
and normocapnia were maintained. Patient was placed supine with
10-15 degree head elevation. The head was turned slightly towards
the right and fixed in a Mayfield Skull clamp. The surgical site was
prepared, and the patient was draped using sterile sheets. The anes-
thesia machine was placed at the foot end on the left side of the pa-
tient with the breathing circuit running under the sterile surgical
drapes connecting the ETT at the head end to the anesthesia machine
at the foot end. A skin incision was made, and the skin flaps were re-
tracted using a fishhook retractor.

Approximately 10 min after the start of surgery, collapse of the ven-
tilator bellows with inability to deliver an adequate tidal volume and
hypocapnia were noted. The ETT position, cuff pressure, circuit con-
nection, and ventilator function were checked; however, no leaks
were detected. The surgical procedure was stopped, the surgical
clothes were carefully turned to one side to check the breathing cir-
cuit under the drape. On turning the drape, it was observed that the
towel clip which was used to fix the fish hook retractor to the drapes,
has pierced the breathing circuit underneath it and there were small
holes in the circuit (Figs. 1A-C). The breathing circuit was replaced
and no further leaks were detected. The rest of the intraoperative
course was uneventful.

Leaks in the anesthesia circuit, which can lead to hypoxia, hy-
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Fig. 1. The sharp tip of the towel clip forceps (A) was used to fix the fish hook retractor to the drape (B), which caused the holes in the breathing

circuit (white arrows), which led to the leak in the breathing circuit (C).
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poventilation, inadequate delivery of inhaled anesthetic gases, and
contamination of the operating room, can be caused by disconnec-
tion or damage to the breathing circuit [3]. It can be detected by an
audible leak sound, collapse of the breathing bag and ventilator bel-
lows, inability to ventilate, decrease in oxygen saturation, fall in end
tidal carbon dioxide, decrease in tidal volume and airway pressure
[3,4]. Previous case reports have attributed corrugated circuit leaks to
tube holders [3] and hot air fans [5]; however, the sharp tip of towel
clip forceps is a unique finding. Thus, whenever anything is fastened
to surgical drapes using a sharp object, feeling and identifying the ob-
jects underneath the surgical drapes, such as breathing circuits or in-
travenous tubing, is necessary to avoid unintentional damage. The
routine practice of checking for leakage in the breathing system after
draping can prevent major mishaps. Leaks in breathing circuits may
lead to significant complications if they are not identified. Therefore,
anesthesiologists’ vigilance and preparedness in dealing with such sit-

uations can help prevent adverse outcomes.
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Peripherally inserted central catheters placed by
anesthesiologists: an analysis of complications
among 146 insertions

Peripherally inserted central catheters (PICCs) are inserted to pro-
vide central venous access for chemotherapy, frequent blood draws,
nutrition, and antibiotic administration, among other indications.
PICCs may be utilized on both an inpatient and outpatient basis, and
are generally well tolerated and safe for extended use. Complication
rates are generally related to the dwell time of the PICC and the sever-
ity of the patients’ underlying medical conditions [1,2].

In anesthesiology, central venous access allows for central venous
pressure (CVP) monitoring, aspiration of venous air embolisms, and
effective hemodynamic control with vasoactive infusions in addition
to providing additional access when peripheral circulation may be
slowed (e.g., hypothermia) or unreliable (e.g., shock). The preferred
sites for central line placement include the internal jugular, subclavi-
an, or femoral veins; however, these sites are associated with variable
rates of thrombosis, infections, pneumothorax, and other related
complications [3]. The choice to place a central venous catheter at a
particular site is made individually, considering the patients underly-
ing health status [3-5].

Literature on the insertion of PICCs by anesthesiologists in the op-
erating room as an alternative route for central venous access in adult
patients is lacking. At our institution, many neuroanesthesiologists
routinely place PICCs in adult patients in the operating room. There-
fore, we conducted this single-center, retrospective study, which was
approved by the Institutional Research Board of Stanford University
(IRB no. 61180). Through a review of patient medical records, a total
of 146 patients were identified as having undergone PICC insertion
in the operating room by an anesthesiologist at our institution. Infor-
mation on any complications associated with the PICCs were extract-
ed from these medical records and categorized as either infections,
thromboses, or organ or tissue injuries.

Five different anesthesiologists were the attending physicians for
these 146 patients. The mean age of the patients was 47.4 years. A total
of 75 males and 71 females were included in this study. Ninety-eight
PICCs were placed on the right upper extremity and 48 on the left up-
per extremity. Sterile technique was observed at all times during inser-
tion, and all patients had a chlorhexidine disc placed and received sur-
gical site prophylactic antibiotics. In all cases, a 20-gauge intravenous
catheter was placed under ultrasound guidance and a modified
Seldinger technique was used to insert the PICC. Immediately follow-
ing insertion, the CVP and CVP waveform were recorded and evalu-

ated to ensure that the catheter tip position was consistent with central
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venous placement. A postoperative chest radiography was performed
in all patients.

All of the included patients underwent intracranial procedures, in-
cluding 73 neurovascular cases, 72 brain tumor cases, and one epilep-
sy case. None of the patients underwent chest radiography before ar-
riving in the recovery room or the intensive care unit. The placement
of the PICCs was distributed among the four anatomical sites (ante-
cubital veins: 103, axillary veins: 27, basilic veins: 15, and cephalic
vein: 1). Six PICCs had to be withdrawn for repositioning based on
postoperative chest radiography results. The average dwell time was
2.52 days, for a total of 368 catheter days. The dwell times of the
PICCs are shown in Table 1.

No infections, thromboses, or organ or tissue injuries were report-
ed in any of the 146 medical records reviewed. No cardiac arrhyth-
mias were observed.

In adults, inserting a PICC as an alternative to conventional central
line placement or to provide secondary access has several advantages.
First, because they are inserted through a peripheral vein, the risk of
pneumothorax is extremely low. Second, they can be placed when the
patient is awake. This is especially advantageous for a patient who is
expected to require vasoactive infusions shortly after the induction of
anesthesia, as the placement of a central line may distract the anesthe-
siologist. Third, PICC removal should not place the patient at risk of
venous air embolism because the venous pressure in the upper ex-
tremity should not be negative.

Among all the PICCs inserted in adult patients by anesthesiologists
in the operating room included in this study, no infections, thrombo-
ses, or organ or tissue complications were reported. This is likely at-

Table 1. Dwell Time for Peripherally Inserted Central Catheters

Dwell time (days) Number
1 36
2 72
3 20
4 4
5 4
6 2
7 4
8 0
9 0
10 2
11 0
12 0
13 0
14 0
15 0
16 0
17 0
18 1
19 0
20 1
642

tributable to the short dwell time and routine use of prophylactic an-
tibiotics. While a more extensive study is required to definitively es-
tablish the safety profile of PICC placement by anesthesiologists in
the operating room, the absence of a single complication should aid
in the promotion of widespread use of this technique for establishing

central venous access.
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Corrosive poisoning and its implications on
pediatric airways

Pharyngeal webs are a rare anomaly that occur after corrosive in-
gestion due to liquefaction necrosis (bases) or coagulation necrosis
(acids). The mucosal lining heals by fibrosis, causing upper airway
stenosis, synechiae, band formation, and esophageal stricture. In In-
dia, corrosive poisoning poses a large burden on the healthcare sys-
tem, accounting for approximately 2% of the total cases of poisoning,
and is associated with high morbidity and mortality, estimated at 50%
and 13%, respectively [1].

For these patients, securing the airway is an anesthetic challenge
owing to the distorted anatomy of the upper airway. Drooling and an
inability to swallow indicate severe posterior pharyngeal or upper
esophageal injury. The presence of hoarseness, stridor, nasal flaring,
or rib retraction upon inhalation suggest airway involvement [2].
Multiple endoscopic or open procedures may be required to treat
complications like pharyngeal and laryngeal webs, synichae and
esophageal stricture. Airway management is thus both complicated
and of paramount importance. Here, we discuss the challenges faced
and measures taken to secure the airway in a pediatric patient with
post-corrosive esophageal stricture posted for feeding jejunostomy.

A 14-year-old female with a history of corrosive poisoning in May
2022 presented with an esophageal stricture and was posted for feed-
ing jejunostomy. She had previously undergone upper gastrointestinal
endoscopy and esophageal dilatation six times. Preoperative airway
examination revealed mouth opening of three fingers, a Mallampati
score of IT (Fig. 1A), stable vitals, and all routine investigations within
normal limits. Written informed consent was obtained from the par-
ents. Anticipating a difficult airway, the patient was attached to oper-
ation theatre standard monitors, with a fiberoptic flexible broncho-
scope video scope (Storz®, Karl Storz Endoskope, Karl Storz Endos-
copy India pvt Ltd., India) at the ready, and the cricothyroid mem-
brane was marked using the laryngeal handshake technique. Pre-oxy-
genation was initiated with 100% oxygen using a closed circuit and
intravenous (IV) fentanyl 2 pg/kg and propofol 2 mg/kg were admin-

istered for induction. A size 2.5 i-gel® supraglottic airway device (In-
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tersurgical complete respiratory system, UK) was introduced, which
had a significant leak. A size 3 i-gel® supraglottic airway device (In-
tersurgical complete respiratory system, UK) was then introduced,
which also had a leak. As mask ventilation was possible, tracheal intu-
bation using succinylcholine 1.5 mg/kg was conducted. Direct laryn-
goscopy revealed a distorted airway, with multiple visible webs and
openings. The epiglottic tip was identified with great difficulty as it
was embedded in the scar tissue. Because we were unsure of the loca-
tion of the trachea, a fiberoptic bronchoscope was used for identifica-
tion (Fig. 1B). The trachea was confirmed by direct visualization of
the tracheal rings and carina, and the endotracheal tube was railroad-
ed over the flexible bronchoscope (Fig. 1C). The position of the tube
was confirmed by bronchoscopy and end-tidal CO,. IV dexametha-
sone (8 mg), hydrocortisone (100 mg), and vecuronium (0.1 mg/kg)
were administered after the effect of succinylcholine subsided. Anes-
thesia was maintained with 50% oxygen and 2 L total flow with sevo-
flurane at 1 minimum alveolar concentration. Once the surgical pro-
cedure was completed, the ENT team was called for endoscopy and
ablation of the synechiae. The neuromuscular blocking agents were
reversed with 100% oxygen, IV neostigmine (0.04 mg/kg body
weight), and IV glycopyrrolate (0.01 mg/kg body weight). Once fully
awake, the patient was extubated and transferred to the post-anesthe-
sia care unit for observation.

Although the airway examination was normal in the preoperative
evaluation, a difficult airway should be anticipated in patients with a
history of corrosive poisoning and appropriate arrangements should
be made. The use of a laryngeal mask airway is limited to patients
with normal upper airway anatomy and is thus seldom used in those
with distorted airway conditions. The hallmark of management in
these cases includes preservation of spontaneous ventilation until
confidence in the airway is reached following laryngoscopy. Intuba-
tion must be performed under visual guidance to avoid passage into a
false track or incorrect placement of endotracheal tube [3].

Airway mismanagement remains an important cause of mortality
and morbidity in anesthetic practice. Conventional rigid direct laryn-
goscopy aids tracheal intubation in 98.1% of the cases [4]. Thus, alter-

native equipment and techniques must be readily available for the re-

Fig. 1. (A) Modified Mallampati score of II. (B) Pharyngeal web seen on fiberoptic bronchoscopy. (C) Endotracheal tube passing through the
vocal cords.
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maining 1.9% of cases. These patients can also have tracheal stenosis;
thus, a preoperative neck radiograph (AP, lateral view) or computed
tomography is advised, and smaller endotracheal tubes and a backup
for front-of-neck access should be arranged.

We conclude that every case of post-corrosive poisoning, acute or
chronic, that requires tracheal intubation should be defined as a diffi-
cult airway case and appropriate arrangements according to available

guidelines must be made to prevent airway mishaps [5].
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The novel diagonal suprascapular canal block for
shoulder surgery analgesia: a comprehensive
technical report

A combination of the sub-omohyoid suprascapular nerve (SSN)
block and subscapularis plane (SSP) block can be administered to
provide a “shoulder block” This innovative block is performed
through an anterior approach and blocks the lower and upper sub-
scapular nerves and axillary nerve at a proximal level [1].

Despite the evident benefits of this technique for shoulder surgery,
the articular branch of the lateral pectoral nerve, supraclavicular
branches of the cervical plexus, and musculocutaneous nerve are not
affected The main advantage of this combined shoulder block com-
pared with other techniques, such as the interscalene block, is the re-
duction in the motor and sensory block of the upper limbs and mini-
mal phrenic paralysis [1,2].

Due to the more selective and safer profile of this shoulder block
compared with other techniques, highly concentrated (low-volume)
local anesthetics may be given in single-shot administrations to pro-
long the duration of the blockade, contributing to a painless first
postoperative night [3]. The anterior approach of these blocks is para-
mount to minimizing patient discomfort and simplifying the proce-
dure, which is particularly relevant in the trauma setting. However,
most studies on the sub-omohyoid SSN block have shown a lack of
brachial plexus or phrenic nerve sparing in several patients [4].

The prevertebral fascia only separates the SSN from the brachial
plexus at the lateral sub-omohyoid plane. Therefore, even though the
needle does not penetrate the fascia, in most cases the local anesthetic
may spread to parts of the plexus. In fact, a study by Siegenthaler et al.
[4] demonstrated that the median distance from the SSN to the bra-
chial plexus was only 9 mm (range 4-18 mm) among 60 healthy vol-
unteers. In a cadaveric study using 5 ml of dye, mild staining of the
phrenic nerve was found in two of the nine dissections [5].

Due to the risk of phrenic nerve involvement, the sub-omohyoid
SSN block may not be recommended for high-risk pulmonary pa-
tients. Additionally, this block is associated with a risk of significant
upper limb sensory and motor block. Indeed, the target site for the
sub-omohyoid SSN block is the region where the SSN exits out of the
prevertebral compartment after coursing beneath the inferior belly of
the omohyoid muscle (OHM) and branching off from the superior
trunk.

The novel diagonal suprascapular canal (DiSC) block has been
proposed to diminish these risks associated to sub-omohyoid SSN
block. For the DiSC block, an anterior approach is used (in the supine
position) away from the prevertebral compartment. In contrast to the
sub-omohyoid SSN block, the DiSC block is performed along the su-
prascapular canal (SSC) from a superior incision point that accompa-
nies the track of the SSN diagonally between the suprascapular and
the spinoglenoid notches. In our approach for the “shoulder block’,
the DiSC block is combined with an SSP block.
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After traveling posteriorly to the OHM, the SSN passes over the
serratus anterior muscle (second rib level) and enters the supraspina-
tus fossa through the suprascapular notch.

In a cadaveric study, the SSN was found to bifurcate into the medial
(MT) and lateral (LT) trunks at the suprascapular notch level, cours-
ing along the floor of the supraspinous fossa to supply muscular and
articular sensory innervation [5].

The MT has been found to primarily provide motor innervation to
the anterior region of the supraspinatus, whereas the LT provides ar-
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ticular branches to the glenohumeral joint and motor innervation to
the posterior region of the supraspinatus as well as the superior, mid-
dle, and inferior regions of the infraspinatus [5]. Articular branches
of the SSN, which supply the posterior glenohumeral joint, have been
reported to consistently originate from the LT close to the midpoint
of a line connecting the suprascapular and spinoglenoid notches [5].
For this procedure, the patient is maintained in the supine position
and a curvilinear probe is placed coronally at the level of the supracla-
vicular fossa, immediately posterior to the lateral third of the clavicle
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Fig. 1. Description of the novel diagonal suprascapular canal block. (A) Schematic representation of the relevant anatomy for performing the novel
diagonal suprascapular canal block (vertical view with the supraspinatus muscle sectioned in its course is shown for visualization of the underlying
structures). Relevant movements and adjustments of the probe are shown. As the position of the probe varies slightly (geometric forms 1, 2, and 3
are colored different shades of blue), different ultrasound images are shown for B1-B3 (labeled using the corresponding shades of blue). (B1-B3)
Relevant sonoanatomy for performing the novel diagonal suprascapular canal block. Images were obtained at different points on the supraspinatus
fossa. The vessels are barely visible in this diagonal view using a low-frequency probe despite the eventual use of the colored Doppler ultrasound
image; therefore, the suprascapular vessels are not identified. (B1) At the entrance of the SSC (suprascapular notch), the slopes of the ultrasound
SSC valley are less steep but at the bottom of that valley, the ultrasound beam penetrates deeply due to the lack of bony structures. At this point,
by tilting the probe posteriorly or laterally, a complete ultrasound SSC valley can be visualized (B1 corresponds to ultrasound position 1 in A).
(B2) By moving the probe posteriorly or laterally, the ultrasound SSC valley can be seen to continue fully formed (B2 corresponds to position 2
in A). (B3) In this position, the complete bony shadow starts vanishing (i.e., the bottom of the ultrasound SSC valley disappears), corresponds to
the spinoglenoid notch (B3 corresponds to position 3 in A). At this point, by tilting the probe posteriorly or laterally, the SGNo is identified where
the ultrasound beam starts to enlarge, traversing to deeper structures, which confirms that the prior image at position 3 is accurate. At the level
of the suprascapular notch, the borders of the “valley” are less steep. The black lines in the ultrasound images represent the insertion of the needle
in-plane at different positions. Ser. Ant. m. or SAM: serratus anterior muscle, SSF: scapular supraspinous fossa, post: posterior, ant: anterior, med:
medial, lat: lateral, MB: medial branch, LB: lateral branch, m: muscle, a: artery, CP (b): coracoid process base. *suprascapular canal at the level of
the suprascapular notch, **midpoint of the suprascapular canal, ***suprascapular canal at the level of the spinoglenoid notch.
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(caudally oriented). The acromion remains immediately lateral to the
probe. Ultrasound imaging allows for the borders of the SSC to be vi-
sualized, forming a triangle-shaped “valley” The borders of this valley
are formed medially by the supraspinatus fossa and laterally by the
base of the coracoid process. When the probe is slid in the posterior,
medial-to-anterior, or lateral direction, the ultrasound beam reaches
the spinoglenoid notch (lateral to this point, the floor of the SSC van-
ishes from view) (Fig. 1).

A total of 5-8 ml of local anesthetic is injected deep into the supra-
spinatus muscle (located beneath the trapezius muscle). The supras-
capular artery may be observed at the bottom of the triangle-shaped
valley but not at the suprascapular notch because it travels superiorly
to the suprascapular ligament. The needle is inserted in-plane but can
also be inserted out-of-plane medial to the acromion.

The use of a curvilinear probe is essential for performing a DiSC
block because it allows a broad panoramic sonoanatomical view.
With the DiSC block technique, all the SSN rami involved in shoulder
innervation can be effectively blocked using a diagonal view of the
SSC. On the other hand, an injection near the spinoglenoid notch
may provide less of a supraspinatus motor block, sparing the lateral
trunk, but may fail to provide significant shoulder analgesia [5]. Con-
versely, an injection in the vicinity of or beyond the spinoglenoid
notch is easily noted with the DiSC block (Fig. 1).

Patients with rotator cuff tears involving the supraspinatus, infra-
spinatus, glenohumeral joint, or capsule pathology consistently feel
pain relief after a DiSC block in the preoperative setting, which results
in an increase in preoperative range of motion due to higher comfort
with movements involving the deltoid and trapezius muscles. No mo-
tor block or loss of thermal sensation is observed distal to the shoul-
der. Further studies are required to confirm the feasibility of this ap-

proach.
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Notice

The Korean Society of Anesthesiologists
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Editorial Board / Tel: +82-2-792-5128 / Fax: +82-2-792-4089 / Email: journal@anesthesia.or.kr

1. On-line manuscript review process

1) All proposed manuscripts for publication in the Korean Journal

of Anesthesiology will be processed exclusively online.
Please use the “Questions and Answers” section of our website
(http://www.editorialmanager.com/kja) for any concerns you
may have vis-4-vis problems, questions, or suggestions for im-
provement. You may also direct them to the attention of the
electronic manuscripts processing manager (editorial manager)
(M2PI, +82-2-6966-4930).

2) Processing publication-related inquiries for newly submitted
manuscripts through the main number of the KJA would cause
undue burden for the KJA in its general duties.

As such, these inquiries should be made entirely online in the
“Questions & Answers” section of the website. Requests and or-
ders - including the expected date of publication and the status
of manuscript under review - should be made online, and re-

sponses shall be provided without delay upon confirmation.

www.anesthesia.or.kr K ' ‘ k

2. Information and regulation for submitting
manuscripts

1) The corresponding author will be notified by e-mail whenever
there is any change in the status of a submitted manuscript.
Authors could also obtain this information directly through the
website. The KJA will respond to all review inquiries.

However, the expected Volume and Number cannot be provid-
ed, if it has not yet been confirmed; as such, we would not be
able to entertain inquiries on this matter.

2) Doctoral and Master’s dissertations should abide by the manu-
script submission guidelines of the KJA and should accompany
a scanned file of the thesis title and the signature(s) of the ex-
aminer(s). This information should be entered in the “Paper
Information” section during the online submission process.

3) The corresponding author should be a faculty. The correspond-
ing author will be notified by e-mail whenever there is any
change in the status of a submitted manuscript, and any resub-
mission can only be made by the corresponding author.

4) A manuscript needs to be resubmitted if there is a change in
the makeup of the manuscript authorship; thus, special care
should be taken when registering authors.

5) Manuscript review is terminated after two reviews, but a mem-

ber of the review committee may request for a 3rd review.



Instructions to authors

Enacted March 24, 1995
Recently revised (28th) December 1, 2023

The Korean Journal of Anesthesiology (KJA) is an international,
English-language, open-access, and peer-reviewed journal for an-
esthesiology, critical care, and pain medicine. As an official scien-
tific journal of the Korean Society of Anesthesiologists (KSA), the
KJA published monthly until 2014 and now publish bimonthly in
2015 (on the first day of February, April, June, August, October,
and December). Its abbreviated title is “Korean ] Anesthesiol.” The
KJA publishes definitive articles that can improve clinical care or
guide further research in the field of anesthesiology. Additionally,
KJA gladly reviews and publishes negative results for which publi-
cation will benefit clinical practice and promote further research
activity. Manuscripts for submission to the KJA should be written
according to the following policies. The KJA follows the Uniform
Requirements for Manuscripts Submitted to Biomedical Journals:
Writing and Editing for Biomedical Publication, available at:

www.icmje.org/, if otherwise not described below.

Editorial Policy

The Editor assumes that all authors listed in a manuscript have
agreed with the following policy of the KJA on submission of
manuscript. Except for the negotiated secondary publication,
manuscript submitted to the KJA must be previously unpublished
and not be under consideration for publication elsewhere. Under
any circumstances, the identities of the referees will not be re-
vealed. If a new author should be added or an author should be
deleted after the submission, it is the responsibility of the corre-
sponding author to ensure that the author concerned are aware of
and agree to the change in authorship. The KJA has no responsi-
bility for such changes. Minimum publication charges and addi-
tional fee for reprints will due on every manuscript. Color illustra-
tions are charged to the authors. All published manuscripts be-
come the permanent property of the KSA and may not be pub-
lished elsewhere without written permission.

General information

1. Publication types
The KJA focuses on Original articles (Clinical trial/Experimen-
tal research, Meta-analysis), Case reports, Reviews, Letters to
the editor, Statistical round, and Editorials.

Online access in http://ekja.org
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2. Language
Manuscripts submitted to the KJA should be compiled in En-
glish. Spellings should abide by American spellings. Medical
terminology should be written based on the most recent edition
of Dorland’s Illustrated Medical Dictionary. Accepted manu-
scripts are requested to be proofread by professional English

editors.

3. Submission of manuscript

In addition to members of the KSA, any researcher throughout
the world can submit a manuscript if the scope of the manu-
script is appropriate. Authors are requested to submit their pa-
pers electronically by using the online manuscript submission
system, available at: https://www.editorialmanager.com/kja/de-
fault.aspx. Authors, reviewers, and editors send and receive all
correspondences through this system.

4. Peer review process
Under any circumstances, the identities of the reviewers will
not be revealed and the reviewers will be blinded to the names
of the authors and the institutions from which the manuscripts
have been sent. Submitted manuscripts will be reviewed by 2 or
more experts in the corresponding field. The Editorial Board
may request authors to revise the manuscripts according to the
reviewer’s opinion. After revising the manuscript, the author
should upload the revised files with a reply to each item of the
reviewer’s opinion. The author’s revisions should be completed
within 30 days after the request. If it is not received by the due
date, the Editorial Board will not consider it for publication
again. To extend the revision period to more than 30 days, the
author should negotiate with the Editorial Board. The manu-
script review process should be finished the second review. If
the authors wish further review, the Editorial Board may con-
sider it. The Editorial Board will make a final decision on the
approval for publication of the submitted manuscripts and can
request any further corrections, revisions, and deletions of the
article text if necessary. Statistical editing is also performed if
the data need professional statistical review by a statistician.
The review and publication processes that are not described in
the Instructions for Authors will be incorporated into the Edi-

torial Policy Statements approved by the Council of Science Ed-


http://www.icmje.org/
https://www.editorialmanager.com/kja/default.aspx
https://www.editorialmanager.com/kja/default.aspx

itors Board of Directors, available at: www.councilscienceedi-

tors.org/.

5. Article processing charge and publication fee
There is no charge for submitting and processing a paper until
policy change. But, the KJA charges a publication fee for each
printed page of KRW. Publication fees are waived if the affilia-

tion of corresponding author is outside Korea.

6. Copyrights
Copyrights of all published materials are owned by the KSA.
On behalf of co-author(s), corresponding author must complete
and submit the journal’s copyright transfer agreement, which
includes a section on the disclosure of potential conflicts of in-
terest based on the recommendations of the International
Committee of Medical Journal Editors, “Uniform Requirements
for Manuscripts Submitted to Biomedical Journals” (http://
www.icmje.org/recommendations/). A copy of the form (https://
ekja.org/authors/copyright_transfer_agreement.php) is made
available to the submitting author within the Editorial Manager

submission process.

7. Open access
KJA is an open access journal. Accepted peer-reviewed articles

are freely available on the journal website for any user, world-
wide, immediately upon publication without additional charge.
Articles are distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (http://creative-
commons.org/licenses/by-nc/4.0/) which permits unrestricted
non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited. To use
the tables or figures of KJA in other periodicals, books or me-
dia for scholarly, educational purposes, the process of permis-
sion request to the publisher of KJA is not necessary. This is in
accordance with the Budapest Open Access Initiative defini-
tion of open access. It also follows the open access policy of
PubMed Central at United States National Library of Medicine
(http://www.ncbi.nlm.nih.gov/pmc/). All the content of the
journal is available immediately upon publication without em-

bargo period.

Research and publication ethics

For the policies on research and publication ethics that are not
stated in these instructions, the Good Publication Practice Guide-
lines for Medical Journals, available at: https://www.kamje.or.kr/

board/view?b_name =bo_publication&bo_id =13, or the Guide-

lines on Good Publication, available at: publicationethics.org/, can

be applied.

1. Conflict-of-interest statement

Conflict of interest exists when an author or the author’ institu-
tion, reviewer, or editor has financial or personal relationships
that inappropriately influence or bias his or her actions. Such re-
lationships are also known as dual commitments, competing in-
terests, or competing loyalties. These relationships vary from be-
ing negligible to having a great potential for influencing judg-
ment. Not all relationships represent true conflict of interest. On
the other hand, the potential for conflict of interest can exist re-
gardless of whether an individual believes that the relationship
affects his or her scientific judgment. Financial relationships
such as employment, consultancies, stock ownership, honoraria,
and paid expert testimony are the most easily identifiable con-
flicts of interest and the most likely to undermine the credibility
of the journal, the authors, or of the science itself. Conflicts can
occur for other reasons as well, such as personal relationships,
academic competition, and intellectual passion (http://www.ic-
mje.org/conflicts-of-interest/). If there are any conflicts of inter-
est, authors should disclose them in the manuscript. The con-
flicts of interest may occur during the research process as well;
however, it is important to provide disclosure. If there is a disclo-
sure, editors, reviewers, and reader can approach the manuscript
after understanding the situation and the background of the

completed research.

2. Statement of informed consent and Institutional

Review Board approval

If the study in the article is on human subjects or human-origi-
nated material, informed consent for the study and the Institu-
tional Review Board (IRB) approval number needs to be pro-
vided. Copies of written informed consents and IRB approval
for clinical research should be kept. If necessary, the editor or
reviewers may request copies of these documents to make po-

tential ethical issues clear.

3. Statement of human and animal right

Clinical research should be done in accordance of the Ethical
Principles for Medical Research Involving Human Subjects,
outlined in the Helsinki Declaration of 1975 (revised 2013)
(available from: https://www.wma.net/policies-post/wma-dec-
laration-of-helsinki-ethical-principles-for-medical-research-in-
volving-human-subjects/). Authors should indicate whether the
procedures were conducted in accordance with the Helsinki
Declaration-2013 in the Text. Clinical studies that do not meet

Online access in http://ekja.org
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the Helsinki Declaration will not be considered for publication.
Human subjects should not be identifiable, such that patients’
names, initials, hospital numbers, dates of birth, or other pro-
tected healthcare information should not be disclosed. For ani-
mal subjects, research should be performed based on the Na-
tional or Institutional Guide for the Care and Use of Laboratory
Animals, and the ethical treatment of all experimental animals

should be maintained.

4. Registration of the clinical trial research

Any researches that deals with clinical trial should be registered
with the primary national clinical trial registration site such as Ko-
rea Clinical Research Information Service (cris.nih.go.kr/) or oth-
er sites accredited by WHO or International Committee of Medi-
cal Journal Editor such as ClinicalTrials.gov (clinicaltrials.gov/).

5. Reporting guidelines

The KJA recommends a submitted manuscript to follow report-
ing guidelines appropriate for various study types. Good sourc-
es for reporting guidelines are the Enhancing the QUAlity and
Transparency Of health Research (EQUATOR) Network (www.
equator-network.org/) and the U.S. National Library of Medi-
cine’s (NLM’s) Research Reporting Guidelines and Initiatives
(www.nlm.nih.gov/services/research_report_guide.html). The
appropriate checklist (and flow diagram, if applicable) must be

included with each submission.

6. Authorship

Authorship credit should be based on: 1) substantial contribu-
tions to conception and design, acquisition of data, or analysis
and interpretation of data; AND 2) drafting the article or revis-
ing it critically for important intellectual content; AND 3) final
approval of the version to be published; AND 4) agreement to
be accountable for all aspects of the work in ensuring that ques-
tions related to the accuracy or integrity of any part of the work
are appropriately investigated and resolved. Authors should
meet these 4 conditions. If the number of authors is equal to or
greater than 2, there should be a list of each authors role in the
submitted paper. Authors are obliged to participate in peer re-
view process. All others who contributed to the work who are
not authors should be named in the Acknowledgements sec-
tion. KJA has a strict policy on changes to authorship after ac-
ceptance of the article and will only consider changes in the

most extraordinary situations once the article is accepted.

7. Plagiarism and duplicate publication
Plagiarism is the use of previously published material without

Online access in http://ekja.org

attribution. The KJA editorial office screens all submitted man-
uscripts for plagiarism, using a sophisticated software program,
prior to peer review. When plagiarism is detected at any time
before publication, the KJA editorial office will take appropriate
action as directed by the standards set forth by the Committee
on Publication Ethics (COPE). For additional information,
please visit http://www.publicationethics.org. It is mandatory
for all authors to resolve any copyright issues when citing a fig-

ure or table from a different journal that is not open access.

8. Secondary publication

It is possible to republish manuscripts if the manuscripts satisfy
the condition of secondary publication of the Uniform Require-
ments for Manuscripts Submitted to Biomedical Journals, avail-

able at: www.icmje.org/.

9. Feedback after publication

If the authors or readers find any errors, or contents that should
be revised, it can be requested from the Editorial Board. The
Editorial Board may consider erratum, corrigendum or a re-
traction. If there are any revisions to the article, there will be a
CrossMark description to announce the final draft. If there is a
reader’s opinion on the published article with the form of Letter
to the editor, it will be forwarded to the authors. The authors
can reply to the reader’s letter. Letter to the editor and the au-
thor’s reply may be also published.

9-1. Process to manage the research and publication misconduct

When the Journal faces suspected cases of research and publi-
cation misconduct such as a redundant (duplicate) publication,
plagiarism, fabricated data, changes in authorship, undisclosed
conflicts of interest, an ethical problem discovered with the
submitted manuscript, a reviewer who has appropriated an au-
thor’s idea or data, complaints against editors, and other issues,
the resolving process will follow the flowchart provided by the
Committee on Publication Ethics (http://publicationethics.org/
resources/flowcharts). The Editorial Board of KJA will discuss
the suspected cases and reach a decision. KJA will not hesitate
to publish errata, corrigenda, clarifications, retractions, and

apologies when needed.

9-2. Policy of Article withdrawal, retraction, and replacement

1) Article withdrawal

Articles in Press (articles that have been accepted for publica-
tion but which have not been formally published and will not
yet have the complete volume/issue/page information) that in-

clude errors, or are discovered to be accidental duplicates of
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other published article(s), or are determined to violate our jour-
nal publishing ethics guidelines in the view of the editors (such
as multiple submission, bogus claims of authorship, plagiarism,
fraudulent use of data or the like), may be “Withdrawn’.

2) Article retraction

Errors serious enough to invalidate a paper’s results and conclu-
sions (Infringements of professional ethical codes, such as mul-
tiple submission, bogus claims of authorship, plagiarism, fraud-
ulent use of data or the like) may require retraction.

3) Article replacement

Replacement (retraction with republication) can be considered
in cases where honest error (e.g., a misclassification or miscal-
culation) leads to a major change in the direction or signifi-
cance of the results, interpretations, and conclusions. If the er-
ror is judged to be unintentional, the underlying science ap-
pears valid, and the changed version of the paper survives fur-
ther review and editorial scrutiny, then replacement of the
changed paper, with an explanation, allows full correction of
the scientific literature.

See also the National Library of Medicines policy on retractions
and the recommendations of the International Committee of
Medical Journal Editors (ICMJE) concerning corrections and re-

tractions, or https://publicationethics.org/resources/guidelines.

9-3. Appeals and complaints
KJA adheres to COPE guidelines regarding appeals to editorial
decisions and complaints. For additional information, please

visit https://publicationethics.org/core-practices.

Data sharing statement

KJA accepts the ICMJE Recommendations for data sharing state-
ment policy (http://icmje.org/icmje-recommendations.pdf). All
manuscripts reporting clinical trial results should submit a data
sharing statement following the ICMJE guidelines from 1 July
2018. Authors may refer to the editorial, “Data Sharing statements
for Clinical Trials: A Requirement of the International Committee
of Medical Journal Editors;” in Annals on 6 June 2017 (http://www.
icmje.org/news-and-editorials/data_sharing june_2017.pdf).

Submitting manuscripts in preprint archives

A preprint is a preliminary version of a scientific article that is
posted online at publicly accessible repositories before undergoing
a formal peer review in a traditional academic journal.

Authors are encouraged to submit the final versions of their

preprints to KJA without treating them as duplicate submissions

or publications. During the manuscript submission process, au-
thors should disclose the preprint’s DOI to exclude it from the es-
timation of the similarity index for the final manuscript. We will
conceal the preprint’s DOI to blind peer reviewers to the authors’
list. Any differences between the authors’ list of the final manu-
script submitted to KJA and the preprint should be minimal and
will require a thorough explanation. After acceptance for publica-
tion, authors will be asked to update the meta-information of the
preprint to point to the DOI of the final published article in KJA.
Articles published without peer review, including preprints, ab-
stracts of conferences, and American Society of Anesthesiologists
(ASA) refresher course lectures, may not be included in the refer-

ences.

Manuscript preparation

1. Word processors and format of manuscript
A manuscript must be written in proper and clear English. The
manuscript, including tables and their footnotes, and figure leg-
ends, must be typed in one double space. Materials should be
prepared with a standard 12-point typeface or greater (Times
New Roman typeface is preferred). The manuscript should be
in the following sequence: cover letter (optional), title page file,
manuscript (title and running title, abstract and keywords, in-
troduction, materials and methods, results, discussion, refer-
ences, tables, and figure legends), figures, other submission ele-
ments. All pages should be numbered consecutively starting
from the title page. All numbers should be written in Arabic
numerals throughout the manuscripts. Our preferred file for-
mat is DOCX or DOC. A single PDF file that contains all mate-
rials in a file including figures and figure legends is acceptable.
In that case, authors should add line numbers throughout the
document. Manuscript containing anything in headers and
footers, except of page numbers, will be returned to authors. If
your PDF submission is accepted, you will be asked to upload
your final document file in DOCX or DOC format as well.
Make sure to update your PDF file with the most recent version

of your manuscript.

2. Abbreviation of terminology
Abbreviations should be avoided as much as possible. When
they are used, full expression of the abbreviations following the
abbreviated word in parentheses should be given at the first use.
Common abbreviations, however, may be used, such as DNA.
Abbreviation can be used if it is listed as a MeSH subject head-
ing (http://www.ncbi.nlm.nih.gov/mesh).

Online access in http://ekja.org
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3.

4.

5.

6.

Word-spacing

1) Leave 1 space for each side, using arithmetic marks as +, —,
X, etc.

Leave no space for hyphen between words.

« »

2) Leave 1 space after “,

« , »

»

and “;”. Leave 2 spaces after “.” and
3) Using parentheses, leave 1 space each side.

4) Brackets in parentheses, apply square brackets.

Citations

1) If a citation has 2 authors, write as “Hirota and Lambert.” If
there are more than 3 authors, apply ‘et al’ at the end of the
first author’s surname. Ex) Kim et al. [1].

2) Citation should be applied after the last word or author’s
surname.

3) Apply citation before a comma or period.

4) Identify reference by several or coupled Arabic numbers,

enclosed in square brackets on the line as [1,3,5].

Arrangement of manuscript

All articles should be arranged in the following order.

Cover letter (optional)

Title Page file, uploaded separately

Manuscript, as a single file in word processing format (eg, .
doc), consisting of Title and running title, Abstract (if required
for the article type; see relevant section), Body Text, Referenc-
es, Tables, Figure Legends, if any (in numerical order, on the
same page); be sure to number all pages of the manuscript file
Figures (each Figure should be a separate file in figure file for-
mat)

Other submission elements (Supplemental Digital Content,
etc.)

Each new section title should begin on a new page. The con-
clusion should be included in the discussion section. Number
pages consecutively, beginning with the first page. Page num-
bers should be placed at the middle of the bottom of page. For
survey-based clinical studies, the original survey document
does not need to be included in the body of the manuscript but

may be supplemented in an appendix.

Statistical Analysis

1) Describe the statistical tests employed in the study with
enough detail so that readers can reproduce the same results
if the original data are available. The name and version of
the statistical package should be provided.

2) Authors should describe the objective of the study and hy-
pothesis appropriately. The primary/secondary endpoints

Online access in http://ekja.org

are predetermined sensibly according to the objective of the
study.'

3) The characteristics of measured variables should determine
the use of a parametric or nonparametric statistical method.
When a parametric method is used, the authors should de-
scribe whether the basic statistical assumptions are met.*’

4) For an analysis of a continuous variable, the normality of
data should be examined. Describe the name and result of
the particular method to test normality.

5) When analyzing a categorical variable, if the number of
events and sample is small, exact test or asymptotic method
with appropriate adjustments should be used. The standard
chi-squared test or difference-in-proportions test may be
performed only when the sample size and number of events
are sufficiently large.

6) The Korean Journal of Anesthesiology (KJA) strongly en-
courages authors to show confidence intervals. It is not rec-
ommended to present the P value without showing the con-
fidence interval. In addition, the uncertainty of estimated
values, such as the confidence interval, should be described
consistently in figures and tables."

7) Except for study designs that require a one-tailed test, for
example, non-inferiority trials, the P values should be two-
tailed. A P value should be expressed up to three decimal
places (not as “P < 0.05”). If the value is less than 0.001, it
should be described as “P < 0.001” but never as “P = 0.000.”
For large P value greater than 0.1, the values can be rounded
off to one decimal place, for example, P = 0.1, P = 0.9.

8) A priori sample size calculation should be described in de-
tail.” Sample size calculation must aim at preventing false
negative results pertaining to the primary, instead of second-
ary, endpoint. Usually, the mean difference and standard de-
viation (SD) are typical parameters in estimating the effect

size. The power must be equal to or greater than 80 percent.

'Lee S, Kang H. Statistical and methodological considerations for re-

porting RCTs in medical literature. Korean ] Anesthesiol 2015; 68:
106-15.

*Kim TK. T test as a parametric statistic. Korean ] Anesthesiol 2015;

68: 540-6.

*Nahm FS. Nonparametric statistical tests for the continuous data: the

basic concept and the practical use. Korean ] Anesthesiol 2016; 69:
8-14.

“Park S. Significant results: statistical or clinical? Korean J Anesthesiol

20165 69: 121-5.

*In J. Considerations when calculating the sample size for an inequal-

ity test. Korean ] Anesthesiol 2016; 69: 327-31.



In the case of multiple comparisons, an adjusted level of sig-
nificance is acceptable.’

9) It is reccommended using mean + SD or median (Q1, Q3)
format to present representative values of continuous vari-
ables. Results must be written in significant figures. The mea-
sured and derived numbers should be rounded off to reflect
the original degree of precision. Calculated or estimated
numbers (such as mean and SD) should be expressed in no
more than one significant digit beyond the measured accura-
cy. Therefore, the mean = SD of body weight in patients
measured on a scale that is accurate to 0.1 kg should be ex-
pressed as 65.45 + 2.52 kg.

10) Except when otherwise stated herein, authors should conform

to the most recent edition of the American Medical Associa-

tion Manual of Style.”

7. Organization of manuscript

1) Clinical or Experimental research

(1) Title page
@ Title
Title should be concise and precise.
For the title, only the first letter of the first word should be
capitalized.
@ Author information
First name, middle initial, and last name of each author, with
their highest academic degree(s) (M.D., Ph.D,, etc.), and insti-
tutional affiliations; make sure the names of and the order of
authors as they appear on the Title Page and entered in the
system match exactly.
(® Running title
A running title of no more than 40 characters, including let-
ters and spaces, should be described. If inappropriate, the edi-
torial board may revise it.
@ Corresponding Author
Name, mailing address, phone number, and e-mail address of
the corresponding author
(® Previous presentation in conferences
Title of the conference, date of presentation, and the location
of the conference may be described.
(® Conflict of interest
It should be disclosed here according to the statement in the
Research and publication ethics regardless of existence of con-

flict of interest. If the authors have nothing to disclose, please
state: “No potential conflict of interest relevant to this article
was reported”

@ Funding

Funding to the research should be provided here. Providing a
FundRef ID is recommended including the name of the fund-
ing agency, country and if available, the number of the grant
provided by the funding agency. If the funding agency does
not have a FundRef ID, please ask that agency to contact the
FundRef registry (e-mail: fundref.registry@crossref.org). Ad-
ditional detailed policy of FundRef description is available
from http://www.crossref.org/fundref/.

Acknowledgments

Any persons that contributed to the study or the manuscript,
but not meeting the requirements of an authorship could be
placed here. For mentioning any persons or any organizations
in this section, there should be a written permission from
them.

(® IRB number

Clinical trial registration number

If any of these elements are not applicable to your submission,

write “not applicable” after the number and topic; for example,
“Prior Presentations: Not applicable”

(2) Manuscript
(® Title and Running title
(@) Abstract
All manuscripts should contain a structured abstract that is
written only in English. Provide an abstract of no more than
250 words. It should contain 4 subsections: Background,
Methods, Results, and Conclusions. Quotation of references is
not available in the abstract. A list of keywords, with a mini-
mum of 6 and maximum of 10 items, should be included at
the end of the abstract. The selection of keywords should be
from MeSH (http://www.ncbi.nlm.nih.gov/mesh) and should
be written in small alphabetic letters with the first letter in
capital letter. Separate each word by a semicomma (;), and
mark a period (.) at the end of the last word.
® Introduction
The introduction should address the purpose of the article
concisely and include background reports that are relevant to
the purpose of the paper.
(@ Materials and Methods

“Lee S and Lee DK. What is the proper way to apply the multiple - The materials and methods section should include suffi-

comparison test? Korean ] Anesthesiol 2018; 71: 353-60. cient details of the design, subjects, and methods of the ar-

"http://www.amamanualofstyle.com/ ticle in order, as well as the data analysis methods and con-
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trol of bias in the study. Sufficient details need to be ad-
dressed in the methodology section of an experimental
study so that it can be further replicated by others.

- When reporting experiments with human or animal sub-
jects, the authors should indicate whether they received
approval from the IRB for the study and the IRB approval
number needs to be provided. When reporting experi-
ments with animal subjects, the authors should indicate
whether the handling of the animals was supervised by In-
stitutional Board for the Care and Use of Laboratory Ani-
mals. “American Society of Anesthesiologists physical sta-
tus classification” should not be abbreviated. As a rule,
subsection titles are not recommended.

- Clearly describe the selection of observational or experi-
mental participants. Ensure correct use of the terms sex
(when reporting biological factors) and gender (identity,
psychosocial or cultural factors), and, unless inappropriate,
report the sex and/or gender of study participants, the sex
of animals or cells, and describe the methods used to de-
termine sex and gender. If the study was done involving an
exclusive population, for example in only one sex, authors
should justify why, except in obvious cases (e.g., prostate
cancer). For additional information, please visit http://
www.icmje.org/about-icmje/faqs/icmje-recommenda-
tions/.

- Reports of randomized trials must conform to the revised
CONSORT guidelines and should be submitted with the
CONSORT flow diagram. The CONSORT checklist should
be submitted as a separate file along with the manuscript.
The CONSORT statement, checklist, and flow diagram can
be found at http://www.consort-statement.org or EQUA-
TOR Network (https://www.equator-network.org/home/)

- Units
Laboratory information should be reported in Internation-
al System of Units [SI]. Please refer to A Guide for Biologi-
cal and Medical Editors and Authors, 6th Edn. Baron DN
and Clarke HM, ed. (2008), CRC Press. or visit http://www.
icmje.org/about-icmje/fags/icmje-recommendations/

- Exceptions
A. The unit for volume is “L; others in “dl, ml, pI”

B. The units for pressure are mmHg or cmH,O.

C. Use Celsius for temperature

D. Units for concentration are M, mM, uM.

E. When more than 2 items are presented, diagonal slashes
are acceptable for simple units. Negative exponents should
not be used.

E Leave 1 space between number and units.
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Exception) 5%, 36°C
- Machines and Equipment
According to the 11th edition of the American Medical
Association, provide the model name and manufacturer’s
name without the country.
- Drug Names
Use generic names. If a brand name must be used, insert it
in parentheses after the generic name. Provide ® or ™ as a
superscript and the manufacturer’s name.
- Ions
Ex) Na' [0], Mg™ [0], Mg™ [X], Mg"* [X]
- Statistics
Statistical methods must be described with enough detail
so that readers can reproduce the same results if the origi-
nal data available. The KJA strongly encourages authors to
show confidence intervals. It is not recommended to pres-
ent the P value without showing the confidence interval. A
sample size calculation should be described in detail. Sam-
ple size calculation must aim at preventing false negative
results pertaining to the primary, instead of secondary,
endpoint.
(® Results
Results should be presented in logical sequence in the text, ta-
bles, and illustrations, giving the main or most important
findings first. Do not repeat all of the data in the tables or il-
lustrations in the text; emphasize or summarize only the most
important observations. Results can be sectioned by subsec-
tion titles but should not be numbered. Citation of tables and
tigures should be provided as Table 1 and Fig. 1.
(® Discussion
The discussion should be described to emphasize the new and
important aspects of the study, including the conclusions. Do
not repeat the results in detail or other information that is giv-
en in the Introduction or the Results section. Describe the
conclusions according to the purpose of the study but avoid
unqualified statements that are not adequately supported by
the data. Conclusions may be stated briefly in the last para-
graph of the Discussion section.
@ References
The description of the journal reference follows the descrip-
tions below. Otherwise, it follows the NLM Style Guide for
Authors, Editors, and Publishers (Patrias, K. Citing medicine:
the NLM style guide for authors, editors, and publishers [In-
ternet]. 2nd ed. Wendling, DL, technical editor. Bethesda
(MD): National Library of Medicine (US); 2007 [updated
2009 Jan 14; cited 2009 May 1]. Available at: www.nlm.nih.

gov/citingmedicine).
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viii

- References should be obviously related to documents and

should not be exceed 50. For exceeding the number of ref-
erences, it should be negotiated with the Editorial Board.
References should be numbered consecutively in the order
in which they are first mentioned in the text. Provide foot-
notes in the body text section. All of the references should
be stated in English, including author, title, name of jour-

nal, etc.

- If necessary, the editorial board may request original docu-

ments of the references.

- The journal title should be listed according to the List of

Journals Indexed for MEDLINE, available at: www.nlm.
nih.gov/archive/20130415/tsd/serials/lji.html or the List of

KoreaMed Journals, available at: koreamed.org.

- Six authors can be listed. If more than 6 authors are listed,

only list 6 names with ‘et al’

- Provide the start and final page numbers of the cited refer-

ence.

- Abstracts of conferences are not allowed to be included in

the references. The American Society of Anesthesiologists
(ASA) refresher course lecture is not acceptable as a refer-

ence.

- Description format

A. Regular journal

Author name. Title of journal Name of journal published
year; volume: start page-final page.

Ex) Rosenfeld BA, Faraday N, Campbell D, Dorman T,
Clarkson K, Siedler A, et al. Perioperative platelet activity
of the effects of clonidine. Anesthesiology 1992; 79: 256-
61.

Ex) Hirota K, Lambert DG. Ketamine: its mechanism(s) of
action and unusual clinical uses. Br ] Anaesth 1996; 77:
441-4.

Ex) Kang JG, Lee SM, Lim SW, Chung IS, Hahm TS, Kim
JK, et al. Correlation of AEP, BIS, and OAA/S scores under
stepwise sedation using propofol TCI in orthopedic pa-
tients undergoing total knee replacement arthroplasty un-
der spinal anesthesia. Korean J Anesthesiol 2004; 46: 284-
92.

Ex) 2006; 7(Suppl 1): 64-96” 2007; 76: H232-8

B. Monographs

- Author. Book name. Edition. Place, press. Published year,

pp (start page)-(End page).

- If reference page is only 1 page, mark p.
- Mark if it is beyond the 2nd edition.

Ex) Nuwer MR. Evoked Potential monitoring in the operat-
ing room. 2nd ed. New York, Raven Press. 1986, pp 136-71.

C. Chapter

Ex) Blitt C. Monitoring the anesthesized patient. In: Clini-
cal Anesthesia. 3rd ed. Edited by Barash PG, Cullen BE,
Stoelting RK: Philadelphia, Lippincott-Raven Publishers.
1997, pp 563-85.

D. Electronic documents

Ex) Grainge M]J, Seth R, Guo L, Neal KR, Coupland C,
Vryenhoef P, et al. Cervical human papillomavirus screen-
ing among older women. Emerg Infect Dis [serial on the
Internet]. 2005 Nov [2005 Nov 25]. Available from wwwnc.
cdc.gov/eid/article/11/11/05-0575_article

E. Online journal article

Ex) Sampson AL, Singer RE Walters GD. Uric acid lower-
ing therapies for preventing or delaying the progression of
chronic kidney disease. Cochrane Database Syst Rev 2017;
10: CD009460.

E Papers that have been submitted and accepted for publi-
cation should be included in the list, with the phrase ‘in
press replacing volume and page number. Authors should
be prepared to give the volume and page number at the
time of proof correction.

Ex) Baumbach P, Gotz T, Gunther A, Weiss T, Meissner W.
Chronic intensive care-related pain: Exploratory analysis
on predictors and influence on health-related quality of
life. Eur J Pain 2017. Advance Access published on Nov 5,
2017. doi:10.1002/ejp. 1129.

Table
- Type or print each table on a separate sheet of paper.

- Number tables consecutively in the order of their first cita-

tion in the text.

- Supply a brief title

Tables should be more than 4 rows and should not be over

1 page.

- Except for titles and first letters, all of the text in the tables

should be written in small alphabetic letters.

- In demographic data, sex would be provided as M/F, and

age in yr. Data of year, weight, height, and any other units
would be provided with 1 decimal place.

”+” sign in the upper column of table should be lined up

with the lower column.

- Footnotes should be provided consecutively in order of the

cited tables or statistics.

- Marks for footnote should be given in order of *, ¥, %, §, I,

€, %%, 1, $F... When marks are used to explain items of the

table, indicate them with superscripts.

- Define all abbreviations except those approved by the Inter-

national System of Units. Define all abbreviations every
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time they are repeated.
(® Legends for figures and photographs
- All of the figures and photographs should be described in
the text separately.
- The description order is the same as in the footnotes in ta-
bles and should be in recognizable sentences.
- Define all abbreviations every time they are repeated.

(3) Figures and illustrations
(® The KJA publishes in full color, and encourages authors to
use color to increase the clarity of figures. Please note that col-
or figures are used without charge for online reading. Howev-
er, since it will be charged upon the publication, authors may
choose to use colors only for online reading.
@ Standard colors should be used (black, red, green, blue,
cyan, magenta, orange, and gray). Avoid colors that are diffi-
cult to see on the printed page (e.g., yellow) or are visually dis-
tracting (e.g., pink). Figure backgrounds and plot areas should
be white, not gray. Axis lines and ticks should be black and
thick enough to clearly frame the image. Axis labels should be
large enough to be easily readable, and printed in black.
(® Figures should be uploaded as separate tif, jpg, pdf, gif, ppt
files. Width of figure should be 84 mm (one column). Con-
trast of photos or graphs should be at least 600 dpi. Contrast
of line drawings should be at least 1,200 dpi. Number figures
as “Fig. (Arabic numeral)” in the order of their citation. (ex.
Fig. 1).
@ Photographs should be submitted individually. If Figure 1
is divided into A, B, C and D, do not combine it into 1, but
submit each of them separately. Authors should submit line
drawings in black and white.
® In horizontal and vertical legends, the letter of the first En-
glish word should be capitalized.

»

(® Connections between numbers should be denoted by “-’,
not “~”. Do not space the numbers (ex. 2-4).

@ Figures (line drawings) should be clearly printed in black
and white.

Figures should be explained briefly in the footnotes. The
format is the same as the table format.

® An individual should not be recognizable in the photo-
graphs or X-ray films unless written consent of the subject has
been obtained and is provided at the time of submission.
Pathological samples should be pictured with a measuring
stick.

(4) Other submission elements (Video submission)

The KJA publishes supplemental video (movie) clip(s) that will

Online access in http://ekja.org

be available online. Not only recording of the abstract, text, au-
dio or video files, but also data files should be added here.

Each video clip should clearly illustrate the primary findings
within an adequate amount of viewing time and be discussed in
the text. Authors should provide appropriate labeling (e.g., ar-
rows, abbreviations of anatomic structures, etc.) in the video
clips. However, all identifying information, including patient
name and/or ID number, hospital name, and date of the proce-
dure, should be removed.

Video clips should contain succinct teaching points that must
be supported by the current literature or standard reference
texts, preferably those most accessible to the general reader. The
adequacy of the teaching points will be evaluated during the re-
view process and finally confirmed by the editorial board at the
end of the review process.

Video clips are uploaded as the last file(s) at the time of man-
uscript submission and should be marked as supplementary
video files.

(O The video clip(s) should have simple file names (e.g., Video

1***, Video 2***) and include the appropriate extension (e.g.,

.mov, .mpg).

(® The maximum number of video clips is 20.

® The video clip(s) should be playable on both Windows and
MAC computers. The video clip(s) should be tested for play-
back before submission, preferably on computers not used for
their creation, to check for any compatibility issues.

® Individual video files should be a minimum of 480 x 320
pixels (smaller clips will not be accepted) and a maximum of
2 GB. Files of < 15 MB will be rejected outright unless special
arrangements have been made with the editorial board prior
to submission. Approval of files of > 2 GB will be made at the
end of the review process.

(® Supplemental still images that correspond to the respective
video clip(s) should be, but are not always required to be, ac-
companied by legends. The video clip file name(s) should re-

fer to the corresponding figure number(s).

2) Systematic review and meta-analysis
Systematic reviews are systematic, critical assessments of litera-
ture and data sources in order to answer a specific question,
and/or includes a statistical technique leading to a quantitative
summary of results and examining sources of differences in re-
sults among studies, if any. The subtitle should include the
phrase “A systematic review” and/or “A Meta-analysis.”
Organization of systematic review and meta-analysis: Same
as clinical and experimental studies, except,

- All systematic reviews and meta-analyses should be regis-



tered at an appropriate online public registry (eg, PROSPE-
RO; http://www.crd.york.ac.uk/PROSPEROY/), and registra-
tion information should be included with the submission.

- Authors of reports of meta-analyses of clinical trials should
submit the PRISMA flow diagram. The PRISMA checklist
should be submitted as a separate file along with the manu-
script. For information regarding PRISMA guidelines,
please visit http://www.prisma-statement.org or EQUATOR
Network (https://www.equator-network.org/home/). Sys-
tematic reviews and meta-analyses of observational studies
in epidemiology should be reported according to MOOSE
guidelines. For more information regarding MOOSE guide-
lines, please visit http://www.equator-network.org/report-
ing-guidelines/meta-analysis-of-observational-studies-in-epi-
demiology-a-proposal-for-reporting-meta-analysis-of-obser-
vational-studies-in-epidemiology-moose-group/.

- No limitation the number of the references.

3) Case Reports
A case report is almost never a suitable means to describe the
efficacy of a treatment or a drug; instead, an adequately pow-
ered and well-controlled clinical trial should be performed to
demonstrate such efficacy. The only context in which a case re-
port can be used to describe efficacy is in a clinical scenario, or
population, that is so unusual that a clinical trial is not feasible.
Case reports of humans must state in the text that informed
consent to publication was obtained from the patient or guard-
ian. Authors should submit copies of written informed consents
by using the online manuscript submission system. If it is un-
available, the IRB approval should be needed. Copy of IRB ap-
proval should be kept. If necessary, the editor or reviewers may
request copies of these documents. Rarity of a disease condition
is itself not an acceptable justification for a case report.
(1) Title page: Same as clinical and experimental studies.
(2) Manuscript
(@ Title and Running title.
(@ Abstract: All case reports should contain a structured ab-
stract that is written only in English. Provide an abstract of no
more than 150 words. It should contain 3 subsections: Back-
ground, Case, and Conclusions. A list of keywords, with a
minimum of 6 and maximum of 10 items, should be included
at the end of the abstract. The selection of keywords should be
from MeSH (http://www.ncbi.nlm.nih.gov/mesh) and should
be written in small alphabetic letters with the first letter in
capital letter. Separate each word by a semicomma (;), and
mark a period (.) at the end of the last word.
® Introduction: Should not be separately divided. Briefly de-

scribe the case and background without a title.

@ Case report: Describe only the clinical statement that is di-
rectly related to diagnosis and anesthetic management.

® Discussion: Briefly discuss the case, and state conclusions
at the end of the case. Do not structure the conclusion section
separately.

(® References: Do not exceed 15 references. For exceeding the
number of references, it should be negotiated with the Edito-
rial Board.

(@ Tables and figures: Proportional to clinical and experimen-

tal studies.

4) Reviews

Review articles synthesize previously published material into an
integrated presentation of our current understanding of a topic.
Review articles should describe aspects of a topic in which sci-
entific consensus exists, as well as aspects that remain contro-
versial and are the subject of ongoing scientific disagreement
and research. Review articles should include unstructured ab-
stracts equal to or less than 250 words in English. Figures and
tables should be provided in English. References should be ob-
viously related to documents and should not be exceed 100. For
exceeding the number of references, it should be negotiated
with the Editorial Board. Body text should not exceed 30 A4
pages, and the number of figures and tables should be equal to
or less than 6.

5) Letters to the Editor

Letters to the Editor also should include brief constructive com-
ments on the articles published in KJA and interesting cases.
Book reviews as well as news of scientific societies and scientific
meeting dates in Korea or abroad can be included. Letters to the
editor of humans must state in the text that informed consent
to publication was obtained from the patient or guardian. Au-
thors should submit copies of written informed consents by us-
ing the online manuscript submission system. If it is unavail-
able, the IRB approval should be needed. Copy of IRB approval
should be kept. If necessary, the editor or reviewers may request
copies of these documents. Letters to the Editor cover individu-
al articles not described by any of the above categories. The
short manuscripts with a constructive note on the Journal or
the anesthesiology at large are welcome.

Cover pages should be formatted as those of clinical research
papers. The body text should not exceed 1,000 words and
should have no more than 5 references. For exceeding the num-
ber of references, it should be negotiated with the Editorial

Board. A figure or a table may be used. A maximum of five au-
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thors is allowable. Letter may be edited by the Editorial Board
and if necessary, responses of the author of the subject paper

may be provided.

6) Statistical Round

A Statistical Round is a narrative review of the application of
contemporary quantitative sciences to issues of concern to an-
esthesia researchers. A Statistical Round involves a focused dis-
cussion on one or more unique or interesting statistical analysis
methods that has previously been published in this journal or
expresses the general policies or opinions of the Statistical
Round Board. They are solicited by the Statistical Round Board

Online access in http://ekja.org

and reviewed by the Statistical Editor. There are no word limits
to or rules regarding the structure of a Statistical Round. They
should have an unstructured abstract of no more than 250
words in English. All articles in a Statistical Round will be pub-
lished in English and translated into Korean for the conve-
nience of Korean readers. The Korean version of the Statistical
Round will be published only on the Web page of the Journal
(https://ekja.org). The inclusion of sample datasets as Web

(Supplemental) content is encouraged.

8. Recently revised instructions for authors are applied

from December 2023 submissions.

Xi


https://ekja.org/




	KJA_v76n6_cover
	kja_v76n6_내지

